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Intensive solid state research, the 
development of advanced manu¬ 
facturing techniques and con¬ 
tinued expansion has enabled Hewlett- 
Packard to become a high volume supplier of 
quality, competitively priced LED displays, 
LED lamps, optocouplers, fiber optics, and 
emitters/detectors. 

In addition to our broad product line, 
Hewlett-Packard also offers the following 


services: immediate delivery from 
any of our authorized stocking dis¬ 
tributors, applications support, 
special QA testing, and a one year guarantee 
on all of our optoelectronic products. 

This package of products and services has 
enabled Hewlett-Packard to become a 
recognized leader in the optoelectronic 
industry. 
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Hewlett-Packard is one of 
the world’s leading de¬ 
signers and manufactur¬ 
ers of electronic, medical, 
analytical and computing 
instruments and systems, 
diodes, transistors, and optoelectronic pro¬ 
ducts. Since its founding in Palo Alto, 
California, in 1939, HP has done its best to 
offer only products that represent signifi¬ 
cant technological advancements. 

To maintain its ieadership in instrument and 
component technology, Hewlett-Packard 
Invests heavily in new product development. 
Research and development expenditures 
traditionally average about 10 percent of sales 
revenue, and over 1,500 engineers and 


scientists are assigned the 
responsibilities of carrying 
out the company’s various 
R and D projects. 

HP produces more than 
4,000 products at 32 domestic divisions in 
California, Colorado, Oregon, Idaho, Mas¬ 
sachusetts, New jersey and Pennsylvania and 
at overseas plants located in the German 
Federal Republic, Scotland, France, japan, 
Singapore, Malaysia and Brazil. 

However, for the customer, Hewlett-Packard 
is no further away than the nearest telephone. 
Hewlett-Packard currently has sales and 
service offices located around the world. 


A Brief 
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These field offices are staffed by trained 
engineers, each of whonn has the primary 
responsibility of providing technical assis> 
tance and data to customers. A vast 
communications network has been estab¬ 
lished to link each field office with the 
factories and with corporate offices. No 
matter what the product or the request, a 
customer can be accommodated by a single 
contact with the company. 

Hewlett-Packard is guided by a set of written 
objectives. One of these is “to provide 
products and services of the greatest possible 
value to our customers”. Through application 
of advanced technology, efficient manufac¬ 
turing, and imaginative marketing, it is the 
customer that the more than 43,000 
Hewlett-Packard people strive to serve. Every 
effort is made to anticipate the customer’s 
needs, to provide the customer with products 
that will enable more efficient operation, to 
offer the kind of service and reliability that will 


merit the customer’s highest confidence, and 
to provide all of this at a reasonable price. 

To better serve its many customers’ broad 
spectrum of technological needs, Hewlett- 
Packard publishes several catalogs. Among 
these are: 

• Electronic Instruments and Systems for 
Measurement/Computation 

(General Catalog) 

• DC Power Supply Catalog 

• Medical Instrumentation Catalog 

• Analytical Instruments for Chemistry 
Catalog 

• Cocix, and W/G Measurement Accessories 
Catalog 

• Diode and Transistor Catalog 

All catalogs are available at no charge from 
your local HP sales office. 


Where Reputation and Quality Count 


When quality represents a competitive edge, 
or when the reputation and dependability of 
your products is on the line, you can count on 
Hewlett-Packard Optoelectronic compon¬ 
ents for excellent product consistency. 

The optoelectronic products available include 
a complete line of GaAsP and GaP discrete 
light emitting diodes (LED’s), numeric, hexa¬ 


decimal, and alphanumeric displays, opto- 
couplers, fiber optics, and emitters/detectors. 
For a general overview of the products 
available, the next seven pages will include 
highlights of the discrete product family 
groups. There is complete technical data 
included in this designer’s catalog for each of 
the Hewlett-Packard Optoelectronic pro¬ 
ducts. 







As the growing trend 
continues for micro¬ 
processor systems 
capabie of high reso¬ 
lution-mechanical to 
electronic-interfaces, 

Hewlett-Packard ad¬ 
dresses a genuine 
unfulfilled need with their new optical sensor. 
This small, self-contained optical reflective 
sensor combines a light source and detector 
with focused optics in a single package. 


This unique compo¬ 
nent can detect an 
object as fine as a 
human hair as well as 
the precise edge of 
large objects such as 
paper or printed lines 
and marks. It there¬ 
fore becomes ideally suited in such applica¬ 
tions as pattern recognition, optical limit 
switching, tachometry, defect detection, and 
bar code scanning. 


Emitters/ 

Detectors 


iv 







This optical sensor also coupled with a clean 
circuit design is packaged attractively in a 
stylized digital bar code reading wand. The 
wand is designed to read black and white bar 
codes (it will also read most colors) on a fairly 
flat surface. It consists of an electro-optical 
emitter-detector module which produces an 
analog signal, followed by a current to volt¬ 
age converter and then an A to D converter. 
The result is a computer-understandable dig¬ 
ital electrical signal. 

In addition to the complete emitter/detector 
system described in both the optical scanner 
and digital wand, Hewlett-Packard also offers 
the designer the choice of discrete emitter 
and detector components. High radiant in¬ 
tensity emitters near infrared in both flood¬ 


light and spotlight configurations are ideally 
suited for use in optical transducers and 
encoders, smoke detectors, and flber optic 
drivers. 

Hewlett-Packard PIN photodiodes are ex¬ 
cellent light detectors with an exceptionally 
fast response of 1 ns, wide spectral response 
from near infrared to ultra-violet, and wide 
range linearity (constant efficiency over 6 
decades of amplitude). With dark current as 
low as 250pA at lOV, these detectors are 
especially well-suited for operation at low 
light levels. The device construction allows 
high speed operation at reverse voltages of 
5 volts. Some applications include fiber optic 
receivers, laser scanners, range finders, and 
medical diagnostic equipment. High reliabil¬ 
ity test programs are also available. 






In 1978, Hewlett-Packard 
introduced its first complete 
fiber optic system. Fiber 
optics is one of the most 
exciting and fastest growing 
technologies in data trans¬ 
mission. With fiber optics, 
pulses of light travel down 
hair-thin fibers replacing electrical signals 
transmitted over copper wire. The light 
signals are impervious to electrical or 
magnetic interference and therefore gener¬ 
ate no electrical or magnetic noise. This 
makes them ideal for linking computers or 
control devices and their peripherals in 
different environments such as those found in 
factories, aircraft, hospitals and large power 
plants. 

A fiber optic system consists of a transmitter, 
a receiver, and a length of cable encasing the 
hair-thin glass or plastic fiber that carries 
optical signals. Currently, Hewlett-Packard’s 


Fiber 

Optics 


fiber optic system is capable 
of receiving signals from 
distances up to 1000 metres. 


The design of cost effective 
fiber optic systems requires 
the understanding and 
analysis of several complex 
technologies — optical fibers, precision 
connectors, LED/laser emitters, photodetec¬ 
tors, circuit design, packaging, and optics. 
Hewlett-Packard’s approach to the design 
of fiber optic hardware is systems oriented , 
drawing on the broad base of technologies 
available within our computer, instrumenta¬ 
tion, semiconductor components, and cor¬ 
porate research and development activities. 
State-of-the-art LED, photodetector, and 
integrated circuit capability are at the heart of 
HP’s fiber optic systems. Beginning on page 
26 of this catalog, you will find further details 
on Hewlett-Packard’s fiber optic systems. 
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Hewlett-Packard’s family 
of optocouplers 
provide economical, 
high performance sol¬ 
utions to problems 
caused by ground loops and induced com¬ 
mon mode noise for both analog and digital 
applications in commercial, industrial, and 
military products. Hewlett-Packard’s original 
approach toward integrated output detectors 
provides performance not found in conven¬ 
tional phototransistor output optocouplers. 
With 3000 VDC isolation, the types of opto¬ 
couplers available include high speed devices 
capcible of lOM bits and high gain devices 


(Dptocouplers 


which are specified 
at 400% CTR at in¬ 
put currents as low 
as 0.5mA. In addi¬ 
tion, highly linear 
optocouplers are useful in analog applica¬ 
tions and a Hewlett-Packard integrated in¬ 
put optically coupled line receiver can be 
connected directiy to twisted pair wires 
without additionai circuitry. Most of these 
devices are availabie in dual versions, as 
well as in hermetic DIP packages. For mili¬ 
tary users, Hewlett-Packard’s established hi- 
rel capability facilitates economical, hi-rel 
purchases. 






Light Bar Modules are 
Hewlett-Packard’s answer to 
the problem of how to effectively backlight 
legends. The Light Bar’s large, uniformly 
illuminated surface provides a bright light 
source available in either high efficiency red, 
yellow, or green. The universal pinout 
arrangement allows connecting in parallel, 
series, or series/parallel configurations. Hew¬ 
lett-Packard’s LED Light Bar Modules are 
available in four sizes in a variety of 
arrangements including single, twin, and 
quad. They are X-Y stackable, and flush 
mounting is easy and convenient. 

Besides the new Light Bar Modules, Hewlett- 
Packard LED lamps are available in a wide 


variety of plastic and hermetic 
packages to satisfy almost 
any application. Many styles can be mounted 
on a front panel using clips and all are suitable 
for P.C. board mounting. Hewlett-Packard 
military screened hermetic lamps are very 
popular in applications demanding high- 
reliability. 

Products with wide or narrow viewing angles, 
and a range of brightnesses, are available in 
red, high efficiency red, yellow and green. 
Package styles include the traditional T-1-3/4, 
T-1, and TO-18 packages, as well as our own 
subminiature (stackable on 2.54mm (0.100 
in.) centers), rectangular, and panel mount- 
able hermetic packages. 


Lamps 




Hewlett-Packard has ex¬ 
panded its selection of 
both alphanumeric and 
seven-segment numeric 
displays to satisfy an even broader base of 
applications. 

Hewlett-Packard’s completely supported 
alphanumeric display systems allow freedom 
from costly display maintenance, require very 
low operating power, and minimize the 
interaction normally required for alpha¬ 
numeric displays. The display systems are TTL 
compatible, require a single 5V supply, and 
easily interface to a keyboard or micropro¬ 
cessor. They are ideally suited for word 
processing equipment, instrumentation, desk- 
;op calculators, and automatic banking 
terminal applications. 

Hewlett-Packard’s yellow alphanumeric dis¬ 
play is the answer to applications that require 
small size and prohibit the use of red displays. 
Both red and yellow alphanumeric displays 
feature four 5x7 dot matrix characters and 
on-board shift registers for data storage. They 
are contained in 16-pin DIPs which are end- 
stackable for unlimited possibilities in alpha¬ 
numeric display formatting. 

Available in four- and eight-character end- 
stackable modules are Hewlett-Packard’s 18- 
segment solid state LED alphanumeric 
displays. Magnification of the LED by an 


integral lens results in 
a character size of 
3.8mm (0.15 in.) making 
these displays ideal for use 
in computer peripheral products, automotive 
instrument panels, calculators, and electronic 
instruments and systems requiring low power 
consumption. 

Low cost numeric displays, packaged single 
or clustered, are available in character heights 
from .11” to .8”. Low power small character 
displays have been designed for portable 
instrumentation and calculator applications. 
Other seven-segment display units are 
available in red, yellow, and green colors 
for use in instrumentation, point of sale 
terminals, and TV indicator applications. 
High power, sun-light viewable, large char¬ 
acter displays are readily adapted to outdoor 
terminals, gas pumps and agricultural instru¬ 
mentation. For these displays, Hewlett- 
Packard has successfully integrated a gray 
package design with untinted segments. This 
results in excellent bright ambient contrast 
enhancement. 

Integrated numeric and hexadecimal displays 
(with on-board IC’s), available in plastic and 
hermetic packages, solve the designer’s 
decoding/driving problem. These displays 
have been designed for low cost and ease of 
application in a wide range of environments. 
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Hewlett-Packard has 
supplied specially 
tested high reliability 
optoelectronic pro¬ 
ducts since 1968 for 
use in state-of-the-art 
commercial, military, 
and aerospace appli¬ 
cations. To meet the 
requirements of high reliability, products 
must be designed with rugged capabilities to 
withstand severe levels of environmental 
stress and exposure without failure. We have 
accomplished this objective by designing a 
unique family of hermetic products including 
lamps, displays and optocouplers which have 
proven their merits in numerous advanced 
space and defense programs to the inter¬ 
national market place. These products receive 
reliability screening and qualification tests in 
accordance with appropriate reliability pro¬ 
grams similar to those of MIL-S-19500 and 
MIL-M-38510 and are supplied as either 
standard JAN or JANTX devices or as HP 
standard light reliability units which meet our 
in-house TXV or TXVB programs. Reliability 
programs are also performed to individual 


customer control 
drawings and specifi¬ 
cations when needed. 
Some of these special 
testing programs are 
very complex and 
may include Class S 
requirements for 
microcircuits. 
HP’s optoelectronic epoxy encapsulated 
products are designed for long life appli¬ 
cations where non man rated or ground 
support requirements allow their use. As with 
hermetic products, the capabilities of epoxy 
parts can be enhanced by 100% screening and 
conditioning tests. Lot capabilities can be 
confirmed by acceptance qualification test 
programs. 

All testing is done by experienced Hewlett- 
Packard employees using facilities which are 
either approved, or pending approval, by 
DESC for jAN products and by customer 
inspection for special programs. Environ¬ 
mental equipment capabiiities and operating 
methods of the test laboratory meet MIL- 
STD-750 or MIL-STD-883 procedures. 


High 

Reliability 
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This Optoelectronics De¬ 
signer’s Catalog contciins 
detailed, up-to-date speci¬ 
fications on our complete 
optoelectronic product line. 

It is divided into five major 
product sections: Emitters/ 

Detectors, Rber Optics, 

Optocouplers, LED Lamps, and LED Displays. A 
special section which includes all of the latest 
^ application notes in full-length version follows 
the Displays product section. Hewlett-Packard 
Sales and Service Offices are listed on pages 
475-478 and the Hewlett-Packard Compo¬ 
nents Franchised Distributors and Representa¬ 
tives Directory can be found on pages472-474. 

How to Use This Catalog 

Three methods are incorporated for locating 
components: 

• a Table of Contents with tabs that allow you 
to locate components by their general 
description 

• a Numeric Index that lists all components by 
part number and, 

• a Selection Guide for each product group 
giving a brief overview of the product line. 


How to Order 

All Hewlett-Packard 
components may be or¬ 
dered through any of the 
Sales and Service Offices 
listed on pages 475-478. 

In addition, for imme¬ 
diate delivery of Hewlett- 
Packard optoelectronic components, contact 
any of the world-wide stocking distributors 
and representatives listed on pages 472-474. 

Warranty 

HP’s Components are warranted against de¬ 
fects In material and workmanship for a per¬ 
iod of one year from the date of shipment. 
HP will repair or, at its option, replace Com¬ 
ponents that prove to be defective in mater¬ 
ial or workmanship under proper use during 
the warranty period. This warranty extends 
only to HP customers. 

No other warranties are expressed or im¬ 
plied, including but not limited to, the implied 
warranties or merchantability and fitness for 
a particular purpose. HP is not liable for 
consequential damages. 


About This 
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Emitter/Detector Systems 


• Features • Advantages • Benefits 

HEDS-1000 HIGH RESOLUTION OPTICAL REFLECTIVE SENSOR 


Focused optics 


Visible light source 
Photo 1C detector 


Standard TO-5 package 

Sealed package 

Detector 1C operates from 
single ended 3.5V to 20V 
power supply 

Fully integrated, assembled 
and tested 

Performance fully specified 
and guaranteed 


Gives higher resolution 

Can detect most colors 

A. Faster response time 

B. Speed, linearity, and 
gain options available 

Mounting hardware 
readily available 

Moisture resistant 

Compatible with all 1C 
technologies 

No precision alignment 
required 

System design simplified 


Less error 

No precision alignment of 
discrete components 

Not limited to black & white 
patterns and objects 

A. Can detect more transitions 
in less time 

B. Simplified interface 
electronics 

Easy to mount and use 

Reliable operation in indoor/ 
outdoor environments 

Easy to use 

Easy to use 
Faster design-ln 

Assured performance 


HEDS-3000 DIGITAL BAR CODE WAND 


Digital output 

Low digitizing error 
Push-to-read switch 

Guaranteed performance 
Single supply operation 

Lightweight stylized 
plastic case 

Custom options 
available 


No analog signal 
conditioning circuitry 
needed 

High percentage 
Good reads 

Conserves power 
No strobing circuitry 
required 

System design simplified 

Compatible with standard 
digital systems 

Minimizes operator fatigue 

Styling to match 
customer’s products 


Microprocessor compatible 

Increased throughput 

Longer battery life 
in portable systems 

Easy to use 
Easy to use 

Increased throughput 

OEM product image 
enhanced 
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Emitters 


• Features 

• Advantages 

• Benefits 

Near IR emission 

Visible 

Facilitates alignment 

Functions with most 
silicon phototransistors 
and photodiodes 

Easy to use 

Cost effective Implementation 

Plastic Package 

Low cost 

Cost effective implementation 

HEMT 3300 uses isotropic 
LED chip 

Provides floodlight type 
beam 

Well suited for applications 
that require a large area to 
be irradiated 

HEMT 6000 uses surface 
emitter LED chip 

Provides bright spot 
of light 

Facilitates focusing light on 
active area of photodetector 

HEMT 6000 has offset 
wirebond 

Active area of the chip 
is not masked or 
shadowed 

Facilitates use with fiber 
optics 


Detectors 

(PIN Photodiodes) 


• Features 

• Advantages 

• Benefits 

Offset wirebond 

Can be used with fiber 
optics 

Fiber can be placed directly 
over active area 

All HP PIN photodiodes 
have antl-reflective coating 

Converts more incident 
radiation (light) into 
photocurrent 

High Responsivity 

Wide spectral response 
(ultraviolet through IR) 

A single device can cover 
the light spectrum plus 

UV and IR 

Works with a variety of 
sources 

Low junction capacitance 

Wide bandwidth 

Can detect high speed pulses 

ULTRA Linear 

Permits operation over 

10 decades 

Eliminates the need for 
equalization 
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HEWLETT 

I^ACKARD 


HIGH RESOLUTION 


OPTICAL REFLECTIVE 

HEDS-M 

SENSOR 



TECHNICAL DATA MARCH 1980 


Features 

• FOCUSED EMITTER AND DETECTOR 
IN A SINGLE PACKAGE 

• HIGH RESOLUTION — .190mm SPOT SIZE 

• 700nm VISIBLE EMITTER 

• LENS FILTERED TO REJECT AMBIENT LIGHT 

• TO-5 MINIATURE SEALED PACKAGE 

• PHOTODIODE AND TRANSISTOR OUTPUT 

• SOLID STATE RELIABILITY 


Description 


Applications 


MAXIMUM SJGNAl POINT- 





ftEFERENCE PLANE 




4.11 

^0.162} 


4.27 i 0.25 
(0.168} t lO.OtO) 



The HEDS-1000 is a fully integrated module designed for 
optical reflective sensing. The module contains a .178mm 
(.007 in.) diameter 700nm visible LED emitter and a 
matched I.C. photodetector. A bifurcated aspheric lens Is 
used to image the active areas of the emitter and the 
detector to a single spot 4.27mm (0.168 in.) in front of the 
package. The reflected signal can be sensed directly from 
the photodiode or through an internal transistor that can 
be configured as a high gain amplifier. 





Applications include pattern recognition and verification, 
object sizing, optical limit switching, tachometry, textile 
thread counting and defect detection, dimensional 
monitoring, line locating, mark, and bar code scanning, 
and paper edge detection. 


Package Dimensions 


Mechanical considerations 

The HEDS-1000 is packaged in a high profile 8 pin TO-5 
metal can with a glass window. The emitter and 
photodetector chips are mounted on the header at the 
base of the package. Positioned above these active 
elements is a bifurcated aspheric acrylic lens that focuses 
them to the' same point. 

The sensor can be rigidly secured by commercially 
available two piece TO-5 style heat sinks, such as 
Thermalloy 2205, or Aavid Engineering 3215. These 
fixtures provide a stable reference platform and their 
tapped mounting holes allow for ease of affixing this 
assembly to the circuit board. 


0 (0.370) 


0.86 (0.034) 

0.73 (0.020}"J 

1.14 (0.045) * ^I f 
0.73 

( 0 . 200 ) 


S.P. j" 

. 12.85 . 

(0.506) 

8.33(0.328) 






1 .y- 

15,24 (0,600) _ 
■*12.70(0.500) 


11.56(0.466) 

r” ii.37io!w 


NOTES; 

1. ALL DIMENSIONS IN MILLIMETERS AND (INCHES), 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 

3. THE reference PLANE IS THE TOP SURFACE OF THE PACKAGE, 

4. NICKEL CAN AND GOLD PLATED LEADS. 

5. S.P, SEATING PLANE. 

6. THE LEAD DIAMETER IS 0.45min (O.OlSin.) TYP. 
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Electrical Operation 

The detector section of the sensor can be connected as a 
single photodiode, orasa photodiodetransistoramplifier. 
When photodiode operation is desired, it is recommended 
that the substrate diodes be defeated by connecting the 
collector of the transistor to the positive potential of the 
power supply and shorting the base-emitter junction of 
the transistor. Figure 15 shows photocurrent being 
supplied from the anode of the photodiode to an inverting 
input of the operational amplifier. The circuit is 
recommended to improve the reflected photocurrent to 
stray photocurrent ratio by keeping the substrate diodes 
from acting as photodiodes. 

SCHEMATIC DIAGRAM 


REFERENCE^ 

PLANE 



Ds-SUBSTRATE DIODES 



The cathode of the 700nm emitter is physically and 
electrically connected to the case-substrate of the device. 
Applications that require modulation or switching of the 
LED should be designed to have the cathode connected to 
the electrical ground of the system. This insures minimum 
capacitive coupling of the switching transients through 
the substrate diodes to the detector amplifier section. 

The HEDS-1000 detector also includes an NPN transistor 
which can be used to increase the output current of the 
sensor. A current feedback amplifier as shown in Figure 6 
provides moderate current gain and bias point stability. 


CONNECTION DIAGRAM 



nn 

FUNCTION 

t 

T^NSJSTOR cduecToa 

2 

TRANSISTOR 8ASE;i»MOTOPiOPf ANOPB 

3 

'"IWTOOlObi CATHOPE' ' 

4 •" 

' ,4^CAt«0i^, substrate ACASi ’ 

6 

;NC':,' ' '' 

'' i 

; EtPANODE, 

7 ' 


' 8 ,' 

'.'.TRANSISTOR EMITTER'' 


Absolute Maximum Ratings at Ta=25°C 



Parameter Symbol 

Storage Temperature Ts 

Operating Temperature Ta 

Lead Soldering Temperature 
1.6mm from Seating Plane 

Average LEO Forward Current If 

Peak LED Forward Current Ifpk 

Reverse LEO Input Voltage Vr 

Package Power Dissipation Pp 

Collector Output Current lo 


Supply and Output Voltage Vd,Vc»Ve 

Transistor Base Current Ib 

Transistor Emitter Base Voltage Veb 


260 

for 10 sec. 
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System Electrical/Optical Characteristics at Ta=25''C 


Parameter 

Symbol 

Min. 

Typ. 

Max. 

Units 

. 

Conditions 





375 


Ta--20"C 

Total Photocurrent (Ipn+lps) 

Ip 

100 

140 

250 

nA 

Ta« 25"C lF-35mA, Vd=Vc-5V 



50 




Ta^70®C 

Reflected Photocurrent (Ipr) to 
Interna! Stray Photocurrent (Ips) 

Ipr 

Ips 

4 

6.6 



lF=35mA, Vc=Vd=5V 

Transistor DC Static Current 

h 

50 




Ta“*20 C , ^ [—in A 

Transfer Ratio 

FE 

100 

200 




Slew Rate 



.08 


V/^s 

Rl^IOOK (PK=50mA 

Rf- 10M toN==100AS, Rate == 1 

Image Diameter 

d 


.17 


mm 

lF®35mA.fi=4,27mm (0.188in.) 

Maximum Signal Point 


4.02 

4.27 

4.62 

mm 

Measured from Reference Plane 

50% Modulation Transfer 

Function 

MTF 


2.5 


Inpr/mrr 

lF-35mA, ^ ~4.27mm 

Depth of Focus 

aQ 

FWHM 


1.2 


mm 

50% of Ip at £=^4.27mm 

Effective Numerical Aperature 

N.A. 


.3 




Image Location 

D 


.51 


mm 

Diameter Reference to Centerline 
£=4.27mm 

Thermal Resistance 

€)JC 


85 


^C/W 



Fig. Not# 


8,10 8.9 
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Detector Electricai/Opticai Characteristics at Ta=25''C 


Parameter 

Symbol 

Mtn. 

Typ. 

Max. 

Units 

Conditions 

Dark Current 

IPD 


6 

120 

pA 

Ta==25°C If^O, Vo-5V; 





10 

nA 

Ta« 70 oq Reflection==0% 

Capacitance 

Co 


45 


PF 

Vd--= 0V, fp=0, f=1MHz 

Flux Responsivity 



.22 


A 

W 

X^700nm, Vd==5V 

Detector Area 

Ad 


.180 


mm2 

Square, with Length®.4mm/Side 


Fig. Note 


Emitter Eiectricai/Opticai Characteristics at Ta=25''C 

Forameter | Symbol | Win. 1 Typ. | Max, [ Units] Conditions 


Forward Voltage 


Reverse Breakdown Voltage 


Radiant Flax , 


Peak Wavelength 


Thermal Resistance 


Temperature Coefficient of Vf 


Min. Typ. Max. Units 




Fig. Note 
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Parameter 






Cofidltlont 

Fig. 

Note 

Collector-Emitter Leakage 

ICEO 


1 


pA 

Vce*5V 



Base-Emitter Voltage 

Vbe 


Bi 

■1 

■i 

Ic~10mA, ls^70nA 



Collector-Emitter Saturation 
Voltage 

Vce(SAT) 


WM 

■ 

V 

Ie~10mA 

1 

1 

Collector-Base Capacitance 

CCB 


.3 


PF 

fs=1MHz, Vcb=5V 

■1 

mi 

Base-Emitter Capacitance 

Cbe 


A 


PF 

f=s1MHz, VbE^OV 



Tbermal Resistance 



200 


°C/W 





NOTES: 

1. 300/xs pulse width, 1 kHz pulse rate. 

2. Derate Maximum Average Current linearly from 65°C by 6mA/®C. 

3. Without heat sinking from Ta = 65° C, derate Maximum Average Power linearly by 12mW/°C. 

4. Measured from a reflector coated with a 99% reflective white paint (Kodak 6080) positioned 4.27mm (0.168 in.) from the reference plane. 

5. Peak-to-Peak response to black and white bar patterns. 

6. Center of maximum signal point image lies within a circle of diameter D relative to the center line of the package. A second emitter 
image (through the detector lens) is also visible. This image does not affect normal operation. 

7. This measurement is made with the lens cusp parallel to the black-white transition. 

8. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white edge. 

9. (+) indicates an increase in the distance from the reflector to the reference plane. 

10. All voltages referenced to Pin 4. 

11. CAUTICN: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The typical 
preheat and post cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute maximum 
ratings and can cause it to defocus. 




tp - PULSE DURATION (MS) 


Ip - DC FORWARD CURRENT (mA) 


Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration 


Figure 2. Relative Total Photocurrent vs. LED DC 
Forward Current 


+5V 



Figures. Ip Test Circuit 



























I le - BASE CURRENT (nAJ 
H TEMP* 25° C 



3 - BASE CURRENT (nA) 


0 2 4 6 8 10 12 14 16 18 20 

VcE - COLLECTOR-TO-EMITTER VOLTAGE (V) 


Figure 4. Normalized Transistor DC Forward Current Gain vs. 
Base Current at Temperature 


Figure 5. Common Emitter Collector Characteristics 





DETECTOR IMAGE 
THROUGH EMITTER 
LENS 



EMITTER IMAGE 
THROUGH DETECTOR 
LENS 


Figure 6. Slew Rate Measurement Circuit 


Figure?. Image Location 




-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 

Ai - DISTANCE FROM MAXIMUM SIGNAL (mm) 



e - REFLECTOR DISTANCE (mm) 


Figure 8. Image Size vs. Maximum Signal Point 


Figure 9. Reflector Distance vs. % Reflected Photocurrent 
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RELATIVE RADIANT FLUX % RESPONSE 
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HEWLETT 

iPACKliJili 


bAn ortrttPiAiAlfJrl HEDS * 

BAR CODE WAND 


TECHNICAL DATA MARCH 1980 


Features 

• 0.3 mm RESOLUTION 

Enhances the Readability of dot matrix printed 
bar codes 

• DIGITAL OUTPUT 

Open Collector Output Compatible 
with TTL and CMOS 

• PUSH-TO-READ SWITCH 

Wand Consumes Power Only When Switch is 
Depressed 

• SINGLE SUPPLY OPERATION 

• STYLIZED CASE 

• DURABLE LOW FRICTION TIP 

• SOLID STATE RELIABILITY 
Uses LED and IC Technology 

Description 

The HEDS-3000 Digital Bar Code Wand is a hand held 
scanner with integral push-to-read switch. It is designed 
to read all common bar code formats that have the 
narrowest bars printed with a nominal width of 0.3 mm 
(0.012 in.). The wand containsan optical sensor with a 700 
nm visible light source, photo IC detector, and precision 
aspheric optics. Internal signal conditioning circuitry 
converts the optical information into a logic level pulse 
width representation of the bars and spaces. 

The HEDS-3000 comes equipped with a push-to-read 
switch which is used to activate the electronics, and strain 
relieved 104 cm (41 in.) cord with nine-pin subminiature 
D-style connector. 

Wand Dimensions 



Applications 

The Digital Bar Code Wand is an effective alternative to 
the keyboard when used to collect information in self- 
contained blocks. Bar code scanning is faster than key 
entry and also more accurate since most codes have 
check-sums built-in to prevent incorrect reads from being 
entered. 

Applications include remote data collection, ticket 
identification systems, security checkpoint verification, 
file folder tracking, inventory control, identifying assem¬ 
blies in service, repair, and manufacturing environments, 
and programming appliances, intelligent instruments and 
personal computers. 



2. WEIGHT:, mt 46.5g 11,5 oz,). Shipping 17fg (5.5 m.). 
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Recommended Operating 
Conditions 





(A(iU« 


; _ S, h , 


... 




,,-aWi 
















Electricai Operation 

The HEDS-3000 consists of a precision optical sensor, an 
analog'ampiifier, a digitizing circuit, and an output 
transistor. These elements provide a TTL compatible 
output from a single voltage supply range of 3.6V to5.75V. 
A non-reflecting black bar results in a logic high (1) level, 
while a reflecting white space will cause a logic low (0) at 
the Voconnection (pin 2). The output of the HEDS-3000is 
an open collector transistor. 

A push-to-read switch is used to energize the 700 nm LED 
emitter and electronic circuitry. When the switch is 
initially depressed, its contact bounce may cause a series 
of random pulses to appear at the output, Vo. This pulse 
train will typically settle to a final value within 0.5 ms. 


Absolute Maximum Ratings 



rf 

Min* 

Max. 

iiiiita 



Ts 

-20 

- :,65'' 

- °C, t'. 

ry--:A' i 


Ta 

0 


:/>0\ : 



Vs:'',-- 

-0.6: 

6.0: ' >- 

rk V 



‘' pt 


200 

mW . 


. v^dylpUt:Cotf^ot6r’^olta$ie - ' \ ^ 



''.20''::^, 

'-'V" -v;-/' 



Electrical Characteristics (Vs = 3.6V to 5.75V at Ta = 25°C, Rl = 2.2kn,unless otherwise noted) 




MIffc 


':Mfe 

Unite 

Con^iWom 


Notes 

Switch '' 



m 

- 6 

ms 



;'3'- 

Nigli Eevel Q^pyfdurfent 

:'>kl?22 




m 

yoH s» 2.4V, Bar Cohfdltion (Black) 

3 

HiH 

wmmmmsBi 



11 

km 

UiQI 

VoL ^:0.4V, Space Cdndltloii (White) 

m 

1— 


' 'ktfkk 




HBj 

10%-00% Transition ; — 

'■3, 

M 

• Otitpui j^/TiiW;? 

'k% 




MS 

90%-10% Transitloin 

3 




'kfk% 

k^k 

so 

mA 

Vs- 6V, Bar Cortdition (Black) 


'2,4V ' 


Block Diagram 


1 


OPTICAL 

SENSOR 


AME 


DIGITIZER 


Vs 19) 
Vo (2) 
GND{7) 





















GUARANTEED WIDTH ERROR PERFORMANCE 

(Vs = 5V, Ta = 0°C to 55°C, Rl = 2.2kn,unless otherwise noted) 


Parameter 

Symbol 


Typr 

Max, 

Units 

Conditions 

Fig. 

Notes 

Bar 

Width 

'."-Error/: ^ 

. 'tSt/'- 

iibi-'s 

- '-'.''"A. 

0813,2“'/' 

0.11 (4.5) V 

.,mm 

(In.x10^3) 

'Ta-?5^C-, 

Margin S: 5mm 

Height « 0.25mm '/ / 
Tll't«0° 

Vscan-,-,50'Cm/s' ,'/- 

Startdard Test Tag/-', 
Preferred Orientation,. ’ 

b=s*0.3mm (0,012 in:)- 
2b-2s=0.6mm 
. ,(0.024 in'.,) ' - 

'T/: 

2.e, 
11 

,-'-'5 - 

/7,8- - 
9,10 

'"',11'' 


/0.10 13.1/1 

0.14 (6,5) 

"Ta'*-:,::-! 

P° tp 65‘’0 

Interior: 

Ab. 


'^0.05 tt.Oi/ 

0.09 (3.5) 

,, mm , , 

Cin.xlO"^^ 

¥a=26’'c; 

'1,2, 

lit 

6.7- 
6,9 , 
10.1,1 < 



0.10 (319) 

tA*'';/. 

to 55'=* C 

- -Spaco!' ' 

: Width/ 

; Error /- 

interior 

/is 


-0.05 {-1.8> 

**0.09 (-3.5) 

mm,, /: 

(In.x10'^,f 

TA'^i25°C- 

1.2- 

111 

17-, 
,8,,10', ' 

;':,1l'/l 


^.05 (-2.01 

-0.10 (-3.9) 

Ta/-' /' 

b® toolc 

Tag Scan Velocity 

Vscatn ■ 



//' 76'/ — 

,cm/s. 


9 

',7',''' 

Emi tie 'Peak 
Wayelefigth /'- 

X " 


/f/TOo/'".'',' 

• ' -'vV 

nm 

Ta^25°C 





TYPICAL WIDTH ERROR PERFORMANCE (Vs = 5V, Ta = 25°C, Rl = 2.2kn,unless otherwise noted) 
I I \ Typteiil Wf I Typical WE I | ' ^ T T 


Parameter 

Symbol 

Height - 0.25mm 

Tilt* 30° 
Height = 0.0mm 

Units 

Conditions 


Notes 


From 

To 




mm 



C *7 fir 


Margin 

1st 

iXDI 

b.08(3.2/ 

0.11 (4:2) 

iin.xlO-3^ 


1,2 



Is 

1b 

iXbi-t, 

0.03 (1.2) 

0.04 (1.6) 

mm 

{ln,x10"3) 


1,2 

6,7,8 

Width 

Error 

2s 

1b 

' '/Skb2-i 

. O.OS (2.5) 

0.07 (2.9j 

mm 

(iaxiO'^^ 


1.2 

6,7,8 


Is 

2b 

.4b 1-2 

,'.0.02,(0,9);/ 

0.02 (0.7) 

mm 

{in.x10“^^ 

IVtCitM*** ~ Wtitlir 

1b=1s=0.3mm 

2b=2s==^0.6mm 

1.2 

6,7.8 


2s _ 

2b 

4b 2-2 

.,','0.05'-il'.9il / ' 

0.05(2,1); 

mm 

(in/xlO*^/ 

Ta^26°C 

Vs-5V 

1.2 

6,7,8 ^ 


1b 

1s 

4si-i 

<-0.04'm':4|, 

' ' -0,04 (-1,4) 

' rrtm 
(in.xlO*^^^ 

Vscar)*®50cm/s 

Preferred Orientation 
Standard Test Tag 

1.2 

6,7,8 ( 

Space 

Wirifh 

2b 

Is 


-0.03 t-T,0) 

r0 .03 ( -1,1) 

mm 

(In.xlO’^^ 


1,2 

6,7,8 I 

vviuin 

Error 

1b 

2s 

4s 1-2 

/ -0.07;(-2.7)' 

-0.08 (-3,3) 

mm 

(in.xlO*^/ 


72 

6,7.8 i 


2b 

2s 

. 4S2-2 

-0,06 (-2.4) 

-0.06 (-2:4) 

mm 

(in.x10'2^ 


1.2 

6,7.8 i 


Notes: 

1. Storage Temperature is dictated by Wand case. 7. The standard test tag consists of black bars, white spaces (0.3 

2. Power supply ripple and noise should be less than 100 mV. mm, 0.012 in. min.) photographed on Kodagraph Transtar 

3. Switch bounce causes a series of sub-millisecond pulses to TC5® paper with a print contrast signal greater than 0.9. 

appear at the output, Vo. 8. The print contrast signal (PCS) is defined as: PCS = (Rw - Rb) 

4. Push-to-Read switch is depressed, and the Wand is placed on /Rw, where Rw is the reflectance at 700 nm from the white 

a non-reflecting (black) surface. spaces, and Rb is the reflectance at 700 nm for the bars. 

5. The margin refers to the reflecting (white) space that preceeds 9. 1.0 in. = 25.4 mm, 1 mm = 0.0394 in. 

the first bar of the bar code. 10. The Wand is in the preferred orientation when the surface of 

6. The interior bars and spaces are those which follow the first the switch button is parallel to the height dimension of the bar 

bar of bar code tag. code. 
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OPERATION CONSIDERATIONS 

The HEDS-3000 resolution is specified in terms of a bar 
and space Width Error, WE. The width error is defined as 
the difference between the calculated bar (space) width, 
B, (S), and the optically measured bar (space) widths, b 
(s). When a constant scan velocity is used, the width error 
can be calculated from the following: 

B == tb * Vscan 
S — ts * Vscan 
Ab = B - b 
As = S - S 

Where 

Ab, As= bar, space Width Error (mm) 
b, s = optical bar, space width (mm) 

B, S = calculated bar, space width (mm) 

Vscan = scan velocity (mm/s) 
tb, ts ^ wand pulse width output(s) 

The magnitude of the width error is dependent upon the 
width of the bar (space) preceeding the space (bar) being 
measured. The Guaranteed Width Errors are specified as a 
maximum for the margin to first bar transition, as well as, 
maximums and minimums for the bar and space width 
errors resulting from transitions internal to the body of the 
bar code character. The Typical Width Error Performance 
specifies all possible transitions in a two level code (e.g. 2 
of 5). For example, the Ab 2 -i Width Error specifies the 
width error of a single bar module (0.3 mm) when 
preceeded by a double space module (0.6 mm). 

The Bar Width Error Ab, typically has a positive polarity 
which causes the calculated bar, B, to appear wider than 
its printed counterpart. The typical negative polarity of the 
Space Width Error As, causes the measured spaces to 
appear narrower. The consistency of the polarity of the 
bar and space Width Errors suggest decoding schemes 
which average the measured bars and measured spaces 



Figure 1. Preferred Wand Orientation. 


within a character. These techniques will produce a higher 
percentage of good reads. 

The Wand will respond to a bar code with a nominal 
module width of 0.3 mm when it is scanned at tilt angles 
between 0° and 30°. The optimum performance will be 
obtained when the Wand is held in the preferred 
orientation (Figure 1), tilted at an angle of 10° to 20°, and 
the Wand tip Is in contact with the tag. The Wand height, 
when held normal to the tag, is measured from the tip’s 
aperture, and when it is tilted it is measured from the tip’s 
surface closest to the tag. The Width Error is specified for 
the preferred orientation, and using a Standard Test Tag 
consisting of black bars and white spaces. Figure 2 
illustrates the random two level bar code tag. The 
Standard Test Tag is photographed on Kodagraph 
Transtar TC5® paper with a nominal module width of 
0.3 mm (0.012 in.) and a Print Contrast Signal (PCS) of 
greater than 90%. 


BAR WIDTH 0.3 mm (0.012 in.) BLACK & WHITE 
RwhITE > 75%, PCS > 0.9 KODAGRAPH TRANSTAR TC5® PAPER 

Figure 2. Standard Test Tag Format. 



Figures. Recommended Logic interface. 
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Typical Performance Curves (Rl = 2.2kn) 
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5“ 10° 15° 20° 25° 30° 35° 


0 _ tilt - DEGREES 



U _ tilt - DEGREES 


Figure 4. Width Error vs. Tilt (Preferred Orientation). 


Figure 5. Width Error vs. Tilt (Any Orientation). 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


h - HEIGHT - mm 


h - HEIGHT - mm 


Figure 6. Width Error vs. Height (Preferred Orientation). 


Figure?. Width Error vs. Height (Any Orientation). 



b, s - BAR, SPACE WIDTH - mm 



vscan - SCAN VELOCITY - cm/s 


Figure 8. Width Error vs. Bar Width. 


Figure 9. Width Error vs. Scan Velocity, 
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PREFERRED ORIENTATION 

- HEIGHT = 0.25 mm TILT = 0 

''scan = 50 cm/s 

- STANDARD TEST TAG (0.3 mm) 

Ta = 25^ 


4.0 4.5 5.0 5.5 6.0 

; - SUPPLY VOLTAGE - V 


Figure 10. Width Error vs. Supply Voltage. 


MECHANICAL CONSIDERATIONS 

The HEDS-3000 includes a standard nine pin D-style 
connector with integral squeeze-to-release retention 
mechanism. Two types of receptacles compatible with the 
retention mechanism are available from AMP Corp. 
(Printed circuit header: 745001-2 Panel mount: 745018, 
body; 66570-3, pins). Panel mount connectors that are 
compatible with the HEDS-3000 connector, but do not 
include the retention mechanism, are the Molex A7224, 
and AMP 2074-56-2. 

MAINTENANCE CONSIDERATIONS 

While there are no user serviceable parts inside the Wand, 
the tip should be checked periodically for wearand dirt, or 
obstructions in the aperture. The tip aperture is designed 
to reject particles and dirt but a gradual degradation in 
performance will occur as the tip wears down, or becomes 
obstructed by foreign materials. 

Before unscrewing the tip, disconnect the Wand from the 
system power source. The aperture can be cleaned with a 
cotton swab or similar device and a liquid detergent. 

The glass window on the sensor should be inspected and 
cleaned if dust, dirt, or fingerprints are visible. To clean the 
sensor window dampen a lint free cloth with a liquid 
cleaner, then clean the window with the cloth taking care 
not to disturb the orientation of the sensor. DO NOT 
SPRAY CLEANER DIRECTLY ON THE SENSOR OR 
WAND. 


E 

E 



5° 10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 
Ta - TEMPERATURE - °C 


Figure 11. Width Error vs. Temperature. 



HEDS-3001 


Figure 12. Wand Tip. 

After cleaning the tip aperture and sensor window, the tip 
should be gently and securely screwed back into the 
Wand assembly. The tip should be replaced if there are 
visible indications of wear such as a disfigured, or 
distorted aperture. The part number for the Wand tip is 
HEDS-3001. It can be ordered from any Hewlett-Packard 
parts center or franchised Hewlett-Packard distributor. 

OPTIONAL FEATURES 

The wand may also be ordered with the following special 
features: 

• 193 color options 

• Customer specified label 

• No label 

• Heavy duty retractable coiled cord 

• No connector 

• No switch button 

For more information, call your local Hewlett-Packard 
sales office or franchised distributor. 
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FUNCTION 
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NC 
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Vo OUTPUT 

3 

NC 

4 

NC 
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NC 

6 

NC 
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GROUND 
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NC 
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Vs SUPPLY VOLTAGE 


Figure 13. Connector Specifications. 
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HEWl-ETt 

PACkArtO 


670nm 

HIGHRADIANT 

EMITTER 


HEMT-3300 


TECHNICAL DATA MARCH 1980 


WDiFFyseO. UNTIRIT Et> 
(CLEAR) PLASTIC 

■ \ 


Features 

• HIGH EFFICIENCY 

• NONSATURATING OUTPUT 

• NARROW BEAM ANGLE 

• VISIBLE FLUX AIDS ALIGNMENT 

• BANDWIDTH: DC TO 3 MHz 

• 1C COMPATIBLE/LOW CURRENT 
REQUIREMENT 


Description 

The HEMT-3300 is a visible, near-IR, source using a 
GaAsP on GaP LED chip optimized for maximum 

quantum efficiency at 670 nm. The emitter’s beam is . 

sufficiently narrow to minimize stray flux problems, yet ^ 

broad enough to simplify optical alignment. This product _ 

is suitable for use in consumer and industrial applications " 

such as optical transducers and encoders, smoke 
detectors, assembly line monitors, small parts counters, cathoc 

paper tape readers and fiber optic drivers. 

Electrical/Optical Characteristics at Ta=25°C 


Trackage Dimensions 



\\ 6,to (.240) 
55&T^) 


NOTES; 

1, ALL OIMENStONS ARE fN 
MiLLtWETRES frNCHES), 

2.S(LVER«PLAT£D LEAPS 
SEE APPLICATION 
BULLETIN S. 

3, CHIP CENTER INC WtTHlN 
THE PACKAOE IS 
CONSISTENT WITH 
FOOTNOTE 3. 


Outline T1% 


Symbol 

Description 

Min, 

Typ. 

Max. 

Units 

Test Conditions 

Figure 

le 

Axial Radiant Intensity 

200 

500 


/MW/s^ 

Ip - 10 mA 

3,4 

Ke 

Temperature Coefficient 
of Intensity 


-0.009 



Ip - 10 mA, Note 1 


nv 

Luminous Efficacy 


22 


imMi 

Note 2 



^?^peak/AT 



Half Intensity Total Angie 


Peak Wavelength 

Spectral Shift Temperature 
Coefficient 

Output Rise Time 
(10%--90%) 


Output Fail Time 
(90%-10%) 


Capacitance 

Reverse Breakdown Voltage 


Forward Voltage 

Temperature Coefficient 
of Vp 


Thermal Resistance 



Note 3/ Ip * 10 mA 
Measured at Peak 

Measured at Peak, 
Note 4 __ 

ipEAK »10 mA 
iPEAK * 


Vp ^0;f = 1 MHz 
Ir ^ 100 juA 
Ip »10 mA 





0 ^^ Junction to cathode 
lead at seating plane. 


Notes: 1. Ig (T) = Ig (25 Oexp [Kg(T- 25*^0] 2. I v = ilvle where I v is in candela, Ig in watts/steradian and rjy in lumen/watt. 

3. 01/2 is the off-axis angle at which the radiant intensity is half the axial Intensity. The deviation between the mechanical and optical axis is 
typically within a conical half-angle of five degrees. 4. AreaK O’) = AppAK (25®C) + (A\p^\(^/AT) (T - 25°C). 
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Maximum Ratings at Ta=25°C 

Power Dissipation . 120mW 

(derate linearly from 50°C at 1.6 mW/°C) 

Average Forward Current . 30 mA 

(derate linearly from 50°C at 0.4 mA/°C) 

Peak Forward Current . See Figure 5 

Operating and Storage 

Temperature Range . -55°Cto+100°C 

Lead Soldering Temperature . 260°C for 5sec. 

(1.6 mm [0.063 inch] from body) 


aSaSligSBaiai 



.3 .5 1 2 3 4 5 10 20 30 50 80 

Ip - FORWARD CURRENT - mA 

Figure 3. Relative Radiant Intensity versus Forward Current. 
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X - WAVELENGTH -nm 

Figure 1. Relative Intensity versus Wavelength. 
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Figure 4. Relative Efficiency (Radiant Intensity per Unit 
Current) versus Peak Current. 



1.6 1.8 2.0 2.2 2.4 2.6 2.8 

Vp - FORWARD VOLTAGE - V 

Figure 2. Forward Current versus Forward Voltage. 


mm 






Figure 5. Maximum Tolerable Peak Current versus Pulse 
Duration. (Iqq MAX as per MAX Ratings) 



NORMALIZED INTENSITY 


0 5 10 15 20 25 30 35 40 45 6-1- 

0 - OFF-AXIS ANGLE - DEGREES (CONE HALF-ANG LE) 


Figure 6. Far-Field Radiation Pattern. 
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EMITTERS/ 

DETECTORS 
































HEWLETT 

PACKARD 


700nm 

•1 

HIGH INTENSITY 

HEMT-6000 

SUBMINIATURE 

EMITTER 



Features 

• HIGH RADIANT INTENSITY 

• NARROW BEAM ANGLE 

• NONSATURATING OUTPUT 

• BANDWIDTH: DC TO 5 MHz 

• 1C COMPATIBLE/LOW CURRENT 
REQUIREMENT 

• VISIBLE FLUX AIDS ALIGNMENT 


Description 


The HEMT-6000 uses a GaAsP chip designed for optimum 
tradeoff between speed and quantum efficiency. This 
optimization allows a flat modulation bandwidth of 5 MHz 
without peaking, yet provides a radiant flux level 
comparable to that of 900nm IREDs. The subminiature 
package allows operation of multiple closely-spaced 
channels, while the narrow beam angle minimizes 
crosstalk. The nominal 700nm wavelength can offer 
spectral performance advantages over 900nm IREDs, and 
is sufficiently visible to aid optical alignment. Applications 
Include paper-tape readers, punch-card readers, barcode 
scanners, optical encoders or transducers, interrupt 
modules, safety interlocks, tape loop stabilizers and fiber 
optic drivers. 


TECHNICAL DATA MARCH 1980 



UNDlFf USED, UNTJNTED 
(CLEAR) EPOXy \ 


j-OWg (,0>S> MA X.^ I ^40^.0 56? 




.76<,030!MAX,ti 



NOTES; 

t. ALL DIMENSIONS ARE IN MILLIMETRES (INCHESl- 
Z SILVER-PLATED LEADS, SEE APPLICATION BULLETIN 3. 

3. USER MAY BEND LEADS AS SHOWN. 

4. EPOXY ENCAP8ULANT HAS A REFRACTIVE INDEX OE 1.53. 

5. CHIP CENTERING WITHIN THE PACKAGE IS CONSISTENT 
WITH FOOTNOTE 3. 


Maximum Ratings at Ta=25°C 

Power Dissipation . 50 mW 

(derate linearly from 70°C @ 1.0mW/°C) 

Average Forward Current . 20 mA 

(derate linearly from 70°C @ 0.4mA/°C) 

Peak Forward Current . See Figure 5 

Operating and Storage 

Temperature Range . -55°to+100°C 

Lead Soldering 

Temperature . 260°Cfor5sec. 

[1.6 mm (0.063 in.) from body] 



700 720 740 


X - WAVELENGTH - nm 


Figure 1. Relative Intensity versus Wavelength. 
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Electrical/Optical Characteristics at Ta=25°C 


Symbol 

Description 

Mim 

Typ. 

Mm, 

Units 

Test Conditions 

Fig. 


Bad lent Intensity along IVIechanIcal 

Axis 

100 

2S0 


M^/sr 

Ip »10 mA 

3,4 

Ke 

Tentperature Coefficient of Intensity 


-0MB 


; 

Note 1 



Lufninous Efficacy 




|m/W 

Note 2 


20% 

Optical Axis Half Intensity Total Angle 


16 


deg* 

Note 3, Ip - 10 mA 

6 

^P€AiC 

Peak Wavelength (Range) 


690-715 


nm 

Measured # Peak 

1 

AX m 

PEAK 

Spectral Shift Temperature (^efficient 


J93 


hm/^C 

Measured # Peak, Note 4 


tr 

Output Rise Time 


70 


ns 

•peak" 10 mA 


nn.u.K, 1, ...ij 

tf 

Output Fall Time (90%*t0%) 


40 


ns 

>PEAK==T0mA 


Co 

Capacitance 


65 



Vp-0;f-1MHz 


BVr 

Reverse Breakdown Voltage 

5 

12 


: -V :: 'i 

Ir«1Q0mA 


Vf: 

Forward Voltage 


1.5 

1.8 

V 

Ip** 10 mA 

2 

AVp/AT 

Temperature Coefficient of Vp 


-2.1 


mV/“C 

lp**t00MA 



Thermal Resistance 


140 


”c/w 

Junction to cathode lead 
at 0.79 mm (.031 in) 
from body 



NOTES: 1. le(T) = Ig (25°C) exp [Kg (T - 25°C)]. 

2. ly vvhere ly is in candela, Ig in watts/steradian, and ri^ in iumen/watt. 

3. © 1 ^ is the off-axis angle at which the radiant intensity is half the intensity along the optical axis. The deviation between the 
mechanical and the optical axis is typically within a conical half-angle of three degrees. 

4. \ (T) = X (25°C) + (AX /AT)(T-25°C) 

PEAK PEAK PEAK 



Vp - FORWARD VOLTAGE - V 


Ip - FORWARD CURRENT - mA 


•peak - •’EAK CURRENT - mA 


Figure 2. Forward Current versus 
Forward Voltage. 


Figure 3. Relative Radiant Intensity 
versus Forward Current. 


Figure 4. Relative Efficiency (Radiant Intensity 
per Unit Current) versus Peak Current. 



tp - PULSE DURATION - m $ 

Figure 5. Maximum Tolerable Peak Current versus Pulse 
Duration. (Ipc MAX as per MAX Ratings) 



Figure 6. Far-Field Radiation Pattern. 
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EaPAcKApS w PHOTODIODES “Ijg® 


Features 

• HIGH SENSITIVITY (NEP<-108 dBm) 

• WIDE DYNAMIC RANGE (1% LINEARITY 

OVER 100 dB) 

• BROAD SPECTRAL RESPONSE 

• HIGH SPEED (Tr, Tf,<1ns) 

• STABILITY SUITABLE FOR PHOTOMETRY/ 

RADIOMETRY 

• HIGH RELIABILITY 

• FLOATING, SHIELDED CONSTRUCTION 

• LOW CAPACITANCE 

• LOW NOISE 

Description 

The HP silicon planar PIN photodiodes are ultra-fast light 
detectors for visible and near Infrared radiation. Their 
response to blue and violet Is unusually good for low dark 
current silicon photodiodes. 

These devices are suitable for applications such as high 
speed tachometry, optical distance measurement, star 
tracking, densitometry, radiometry, and fiber-optic 
termination. 

The speed of response of these detectors is less than one 
nanosecond. Laser pulses shorter than 0.1 nanosecond 
may be observed. The frequency response extends from 
dc to 1 GHz. 

The low dark current of these planar diodes enables 
detection of very low light levels. The quantum detection 
efficiency is constant over ten decades of light intensity, 
providing a wide dynamic range. 


TECHNICAL DATA MARCH 1980 



The 5082-4203, -4204, and -4207 are packaged on a 
standard TO-18 header with a flat glass window cap. For 
versatility of circuit connection, they are electrically 
insulated from the header. The light sensitve area of the 
5082-4203 and -4204 is 0.508mm (0.020 Inch) in diameter 
and is located 1.905mm (0.075 inch) behind the window. 
The light sensitive area of the 5082-4207 is 1.016mm (0.040 
Inch) In diameter and is also located 1.905mm (0.075 inch) 
behind the window. 

The 5082-4205 is in a low capacitance Kovar and ceramic 
package of very small dimensions, with a hemispherical 
glass lens. 

The 5082-4220 is packaged on a TO-46 header with the 
0.508mm(0.020 inch) diameter sensitive area located 


2.540mm (0.100 inch) behind a flat glass window. 


Package Dimensions 



-4203, -4204, -4207 -4205 
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Absolute Maximuni Ratings Operating and Storage Temperature -55° to 125°C 


Pmax Dtssi^tlon 1 
Steady Hevcf^ Vottage^ 
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Electrical/Optical Characteristics at Ta=25°C 
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NOTES: 

1. Peak Pulse Power 

When exposing the diode to high level incidance the 
following photocurrent limits must be observed: 

•p (avg MAX.) < —and in addition: 


. ^1000 A , ^Ip (avg MAX.) 

or <500mA or < .. . 

whichever of the above three conditions is least. 

Ip - photocurrent (A) f - pulse repetion rate (MHz) 

Eg - supply voltage (V) P^ - power input via photon flux 
t - pulse duration (jas) PmAX ' niax dissipation (W) 


Power dissipation limits apply to the sum of both the optical power input to the device and the electrical power input from flow 
of photocurrent when reverse voltage is applied. 

2. Exceeding the Peak Reverse Voltage will cause permanent damage to the diode. Forward current is harmless to the diode, within 
the power dissipation limit. For optimum performance, the diode should be reversed biased with E^. between 5 and 20 volts. 

3. Exceeding the Steady Reverse Voltage may impair the low-noise properties of the photodiodes, an effect which is noticeable only 
if operation is diode-noise limited (see Figure 8). 

4. The 5082-4205 has a lens with approximately 2.5x magnification; the actual junction area is 0.5 x 10‘3 cm^, corresponding to a 
diameter of 0.25mm (.010"). Specification includes lens effect. 

5. At any particular wavelength and for the flux in a small spot falling entirely within the active area, responsivity is the ratio of incremental 
photodiode current to the incremental flux producing it. it is related to quantum efficiency, r)q in electrons per photon by: 


^^2A0 


where \ is the wavelength in nanometers..Thus, at 770nm, a responsivity of 0.5 A/W corresponds to a quantum efficiency of 0.81 (or 81? 
electrons per photon. 

6. At -1OV for the 5082-4204, -4205, and -4207; at -25V for the 5082-4203 and -4220. 

7. For (\, f, Af) = (770nm, 100Hz, 6Hz) where f is the frequency for a spot noise measurement and Af is the noise bandwidth, NEP is the 
optical flux required for unity signal/noise ratio normalized for bandwidth. Thus: 

ISJEP = where l|\|/\/Af is the bandwidth — normalized noise current computed from the shot noise formula: 

In/V^= \/2qTD = 17.9 X lO"^® (A/^/inT) where Id Is in nA. j— .— 

8. Detectivity, D*is the active-area-normalized signal to noise ratio. It is computed: D* = —— (£I!1 nL_£) for A in cm2, 

for (\, f, Af) = (770nm, 100Hz, 6Hz). NEP W 

9. At -1OV for 5082-4204, -4205, -4207, -4220; at -25V for 5082-4203. 

to. Between diode cathode lead and case — does not apply to 5082-4205, -4220. 

11. With 50n load. 

1Z With 50n load and-20V bias. 
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DARK CURRENT RELATIVE TO 25“C VALUE 




BIAS VOLTAGE (ANODE TO CATHODE VOLTAGE) 


X-WAVELENGTH-nm 


Figure 1. Spectral Response. 


Figure 2. Relative Directional Sensitivity 
of the PIN Photodiodes. 


Figure 3. Typical Output Characteristics 
at \ = 900nm. 




Figure 6. Noise vs. Load Resistance. 


Figure 5. Typical Capacitance Variation 
With Applied Voltaga 



i ,0- 


, 

o 10"’ 


NFPDUETO 
^THEPMAL NOISE 
^ OF LOAD 





NEP DUE TO 
BOTH SOURCES 
OF NOISE 


NEP DUE TO 
' SHOT NOISE AT 
MAXIMUM DARK 
CURRENT 

A 6082-4207 
/ J (4.1 X 10 '"VV-Hz”'*) 

5082-4204 {2.6 X id VV/Hz’'^) 


10 ^ 10 ^ 


10 “ 10 ^ 10 « 10 ' 10 ® 10 ® 10 ’° 10 ” 
Rl - LOAD RESISTANCE OHMS 


Figure 7. Photodiode Cut-Off Frequency 
vs. Load Resistance (C = 2pF). 



Figure 8. Noise Equivalent Power vs. Load Resistance. 


lp=Signal current « 0.5mA/mW x flux input at 770 nm 
l|\l= Shot noise current 

<1.2 X 10-14 amps/Hz1/2(5082-4204) 

<4x 10-14 amps/H2l/2(5082.4207) 

Id= Dark current 

<600 X 10-12 amps at -10 V dc (5082-4204) 
<2500 X 10-12 amps at -10 V dc (5082-4207) 

Rp = loiin 

RS = <50« 
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Application information 

NOISE FREE PROPERTIES 

The noise current of the PIN diodes is negligible. This is a 
direct result of the exceptionally low leakage current, in 
accordance with the shot noise formula In = (2qlRAf)^^^ 
Since the leakage current does not exceed 600 picoamps 
for the 5082-4204 at a reverse bias of 10 volts, shot noise 
current is less than 1.4 x 10"^^ amp at this voltage. 

Excess noise is also very low, appearing only at 
frequencies below 10 Hz, and varying approximately as 
1/f. When the output of the diode is observed in a load, 
thermal noise of the load resistance (Rl) is 1.28 x 10"^® 
(Rl)‘^^^ X (Af)^^^ at 25®C, and far exceeds the diode shot 
noise for load resistance less than 100 megohms (see 
Figure 6). Thus in high frequency operation where low 
values of load resistance are required for high cut-off 
frequency, ail PIN photodiodes contribute virtually no 
noise to the system (see Figures 6 and 7). 

HIGH SPEED PROPERTIES 

Ultra-fast operation is possible because the HP PIN 
photodiodes are capable of a response time less than one 
nanosecond. A significant advantage of this device Is that 
the speed of response is exhibited at relatively low reverse 
bias (-10 to -20 volts). 

OFF-AXIS INCIDENCE RESPONSE 

Response of the photodiodes to a uniform field of radiant 
incidence Ee, parallel to the polar axis Is given by I = (RA) x 
Ee for 770nm. The response from a field not parallel to the 
axis can be found by multiplying (RA) by a normalizing 
factor obtained from the radiation pattern at the angle of 
operation. For example, the multiplying factor for the 
5082-4207 with incidence Ee at an angle of 40° from the 
polar axis is 0.8. If Ee = ImW/cmVthen Ip = k x (RA) x Ee; 
Ip = 0.8 X 4.0 X 1 = 3.2 /iannps. 

SPECTRAL RESPONSE 

To obtain the response at a wavelength other than 770nm, 
the relative spectral response must be considered. 
Referring to the spectral response curve. Figure 1, obtain 
response, X, at the wavelength desired. Then the ratio of 
the response at the desired wavelength to response at 
770nm is given by: 

RATIO 

Multiplying this ratio by the incidence response at 770nm 
gives the incidence response at the desired wavelength. 

ULTRAVIOLET RESPONSE 

Under reverse bias, a region around the outside edge of 
the nominal active area becomes responsive. The width of 
this annular ring is approximately 25fim (0.001 inch) at 
-20V, and expands with higher reverse voltage. Respons- 
ivity in this edge region is higher than in the interior, 
particularly at shorter wavelengths; at 400nm the Interior, 
responsivity is 0.1 A/W while edge responsivity is 0.35 
A/W. At wavelengths shorter than 400nm, attenuation by 
the glass window affects response adversely. Speed of 
response for edge incidence is tr, tf « 300ns. 


5082-4205 MOUNTING RECOMMENDATIONS 

a. The 5082-4205 is intended to be soldered to a printed 
circuit board having a thickness of from 0.51 to 1.52mm 
(0.02 to 0.06 inch). 

b. Soldering temperature should be controlled so that at 
no time does the case temperature approach 280°C. 
The lowest solder melting point in the device is 280° C 
(gold-tin eutectic). If this temperature is approached, 
the solder will soften, and the lens may fall off. Lead-tin 
solder is recommended for mounting the package, and 
should be applied with a small soldering iron, for the 
shortest possible time, to avoid the temperature 
approaching 280°C. 

c. Contact to the lens end should be made by soldering 
to one or both of the tabs provided. Care should be 
exercised to prevent solder from coming in contact 
with the lens. 

d. If printed circuit board mounting is not convenient, 
wire leads may be soldering or welded to the devices 
using the precautions noted above. 

LINEAR OPERATION 


Having an equivalent circuit as shown in Figure 9, 
operation of the photodiode is most linear when operated 
with a current amplifier as shown in Figure 10. 



Figure 10. Linear Operation. 


Lowest noise is obtained with Ec = 0, but higher speed and 
wider dynamic range are obtained if 5 < Ec < 20 volts. The 
amplifier should have as high an input resistance as 
possible to permit high loop gain. If the photodiode is 
reversed, bias should also be reversed. 

LOGARITHMIC OPERATION 

If the photodiode is operated at zero bias with a very high 
impedance amplifier, the output voltage will be: 

VouT = (1 +1^)• • £n (1+ Ij) 

where Is = If (e^-1)'^ at 0 < If < 0.1mA 


using a circuit as shown in Figure 11. 



Figure 11. Logarithmic Operation. 


Output voltage, Voux, is positive as the photocurrent, Ip, 
flows back through the photodiode making the anode 
positive. 










FIBER 
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Fiber Optics! 


Fiber optics is emerging as a practical, cost-effective technology for data communications. 
Pulses of light traveling down hair-thin fibers are replacing electrical signals transmitted over 
copper wires. The transmission of information over optical cables offers many features, 
advantages, and benefits, some not available with any other technology: 



• Features 

Optical transmission 
path 

Light pulse “carrier” 
signals 


• Advantages 

Complete input-output 
electrical isolation 

No EMI susceptibility or 
radiation 


Very high distance/bandwidth 
products achievable 


• Benefits 

Freedom from ground loops. 
Lightning safe. 

Freedom from Induced noise. 
Freedom from crosstalk. 
Secure communications. 

Greater data rates at longer 
distances than wire/coax. 


Bandwidth independent 
of cable size 

(channels) per unit area or unit 
weight. 


Light weight, small diameter 
cables possible 


Lower cost Installation and 
maintenance. More bandwidth 



Versatile 

HP’s new fiber optic systems are point-to- 
point links intended for short to intermediate 
distance processor-to-processor or pro- 
cessor-to-peripheral interconnection In 
commercial, industrial, or military appli¬ 
cations. Some of these are: 


• Large computer installations 

• Distributed processing (minicomputer) 
systems 

• Hospital computer systems 

• Power plant communications/control 

• Industrial/process control 

• Industrial or military secure 
communications 

• Aircraft/shipboard data links 

• High voltage or electromagnetic field 
research 

• Remote instrumentation systems 

• Factory data collection 


In many of these applications induced noise, 
ground potential differences, high voltage, or 
extended distance, make twisted wire or 
coaxial data links difficult or Impossible to 
use. Fiber optics can offer an alternative to 
expensive shielding, conduit, isolation 
transformers, or data error checking and 
retransmission circuitry. 
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Easy-To-Use 

The HP Fiber Optic Link is a versatile, easy- 
to-use system. It does not require optical 
design expertise, calibration or adjustment. 

To make it easy to get started, HP offers the 
HFBR-0010, a complete 10 metre simplex 
link consisting of a transmitter, a receiver, a 
10 metre cable/connector assembly, and 
technical literature. Also available are 
separate components: the HFBR-1001 100 
metre digital transmitter the HFBR-1002, 
1000 metre digital transmitter, the HFBR- 
2001 digital receiver, and the HFBR-3000 
cable/connector assemblies. 


System Specifications* 


DATA RATE: 

DATA FORMAT: 
LINK DISTANCE: 
BIT ERROR RATE: 

DATA INPUT: 

DATA OUTPUT: 

CABLE 

CONSTRUCTION: 


POWER SUPPLY 
REQUIREMENTS 
TRANSMITTER: 
RECEIVER: 

OPERATING TEMPER- 
'ATURE RANGE: 


DC to lOMb/s NRZ 
No restrictions 
0 to 1000 metres 
10"® max. at lOMb/s 
NRZ 

TTL compatible 
(1 LSTTL load) 

TTL compatible (up 
to 20 LSTTL loads) 

Reinforced, polyure¬ 
thane jacketed, 
single fiber, glass 
core and cladding. 


5V±5% at 125mA 
5V±5% at 100mA 

0°C to 70°C 


* Detailed electrical and mechanical specifications are 
contained in the following data sheets: HFBR-1001, 
HFBR-1002, HFBR-2001, HFBR-3000. 


HP systems feature: 

• Compatible plug-together transmitters, 
receivers, and cable assemblies 

• Miniature PC board mountable packages 

• TTL electrical interfaces 

• Single 5 volt power supply requirement 

• Accepts any data format from DC to 
10 Mbits NRZ 

• Accommodates cable lengths up to 
1000 metres 

• Integral fiber optic connectors 

• Built-in “link monitor” 


Systems and Components 


HP Part No. 

Description 

Page No. 

HFBR-0010 

Complete 10 Metre Simplex System (Contains 
one each HFBR-1001, -2001, -3001) 

(Contact HP 

Sales Office) 

HFBR-1001 

100 Metre Digital Transmitter 

28 

HFBR-1002 

1000 Metre Digital Transmitter 

32 

HFBR-2001 

Digital Receiver 

36 

HFBR-3000 

Cable/Connector Assemblies: In User Specified 

Cable Lengths 

40 
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HEWLETT 

PACKARD 




100 METRE DIGITAL 

HFBR4001 

TRANSMITTER 



TECHNICAL DATA MARCH 1980 


Features 


• HIGH SPEED: dc to IOMb/s NRZ* 

• LONG DISTANCE: 100 metres* 

• LOW PROFILE: Fits 12.7mm (0.5") spaced card rack 

• NO HEAT SINK REQUIRED 

• ARBITRARY DATA FORMAT* 

• TTL INPUT LEVELS 

• SCHMITT DATA INPUT 

• OPTICAL PORT CONNECTOR 

• SINGLE 5V SUPPLY 

•When used with HFBR-2001 Receiver Module and HFBR-3000 
Cable/Connector Assemblies. 



Description 


The HFBR-1001 fiber optic transmitter is an Integrated electrical to optical transducer designed for digital data transmission over 
single fiber channels. A bipolar integrated circuit and a GaAsP LED convert TTL level inputs to optical pulses at data rates from 
dc to lOMb/s NRZ. An integral optical connector on the module allows easy interfacing without problems of source/fiber 
alignment. The low profile package is designed for direct printed circuit board mounting without additional heat sinking. 

The HFBR-1001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies, and the HFBR-2001 fiber optic 
receiver for transmission distances up to 100 metres. The HFBR-1001 generates optical signals in either of two externally 
selectable modes. The Internally-coded mode produces a 3-level coded optical signal for reception and decoding by the HFBR- 
2001 receiver. This feature provides data format independence over the data rate range of dc to lOMb/s NRZ while allowing for 
wide dynamic range and high sensitivity at the receiver. The externally-coded mode produces a 2-level optical signal which is a 
digital replica of the data input waveform. Used in this mode with the HFBR-2001 receiver, the user must provide proper data 
formatting (explained in the HFBR-2001 data sheet) to insure proper receiver operation. In either mode, the radiant output is 
radiologically safe (per ANSI Z136.1-1976). 


Package Dimensions 



2.64 TYP. 
{.100J 
3.35 
(.132) 


5.40 tt.27 
(.370 ±.060) 



.96 MAX 
^ (.038) 
7.92 
(.312) 


5.21 ±.25 
1.205 4.010) 


5.08 

(.2004.010) 


1 . LOCK mr AND eARftEt SHOULD 
NOT SE DJSTUfiSm , 

2. SCREWS ENT6Rm<3 THE 2-56 
THREADED MOUHTmO HOLES 
MUST N<5T TOUCH BOTTOM; 

3. THE HFBR-aObO CONNECTOR 
SHOULD NOT BE TIGHTENED 
BEYOND THE LIMITS SPECIFIED 
IN THE HF8R-3000 DATASHEET; 


PIN FUNCTION 

1 MODE SELECT 

2 N.C. 

3 GROUND 


.38 4.15 SO. TYP. 
(.0154.006) 


2 - 56 UNC THD. X 5.6 (.22) DEEP 
MOUNTING HOLES 2 PLOS. 


10.16 ±.2S 
“(.400*.010) 


NOTES: 

1. DIMENSIONS IN mm (INCHES). . 

2. UNLESS OTHERWISE SPECIFIED 
THE TOLERANCE ON ALL 
DIMENSIONS IS ir.38mm (4.OlSn 
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Absolute Recommended 

Maximum Ratings Operating conditions 


Parameter 

SymlMil 

Mill 

ISii 

Unite 


Storage Temperature 


El 

El 

S3I 

HU 

Operating Temperature 


Kf 

mSBm 

Ei 

ipsi 

Mi 

Lead Soltlering 

Temperature 


m 

W3i. 

Ii3i 

ii« 

n 

, TIrne ' 





' ''i 

Supply Voltage 

:ycc5^ 

-o;$ 

w 



Mode Select or 

Data Input Voltage 

V| 


-fA: 

' V V 





1^^ 

121 


123 


iMWi 

B 

anHHt 

m 

mm 




IS 


mmm9 




Ml 

M 

E 


SHI 

0 $ 



'■'s '• 





ns 



Electricai /Opticai Characteristics 


0°C to 70°C Unless Otherwise Specified 




mu. 1 Hot9 


Input Current 



Exit Numi»-ical Aperture; : i 


(^tlcal l*ort ff Iter optic core) Plam. 
Coupling from, area mismatch „ , 

Loss frorn nurnerlcal aperture 

mismatch 
Peak Emission Wavelength 




Dynamic Characteristics 0°C to 70°C Unless Otherwise Specified 


Parameter 

Symliol 

Min 

Si' 

Max 

Units 


Fig. 


Propagation 

Delay 

High-to-Low Data Input : 
VoltageStep 

; V^fHL; 


31 

45 

'■'Hi - 

Vcc«4>@V 

1 


Low*to-H igh Data 1 nput 
VoltageStep 



3S 

60 


Defresh Pulse 
tnternally^Coded Mode 

Duratidn 

llvtp'V. 


Ml 


mm 

Voc t^OO V, Mode Sel^t Low 

1 

8 

Repetition Rate 



EE 

m 

BSI 
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MODE SELECT - 
DATA INPUT - 


HF8R-1001 

OPTICAL 

TRANSMlTTeft 


OPTICAL OUTPUT 
WITH 

MODE SELECT LOW 


OPTICAL OUTPUT 
WITH 

MODE SELECT HIGH 




Figure 1. Flux Coding and Timing Diagram. 



Figure 2. Schematic Diagram. 



Notes (cont’d): 

3. Measured at a point 2mm (.079 in.) from where lead enters 
package. 

4. A supply decoupling network of 2.2AtH with 60 mF is 
recommended. 

5. Average currents for steady-state conditions at Data Input. 

6. For typical values, Vcc = 5.00V and Ta = 25°C. 

7. Flux excursion ratio, k, is the ratio of flux excursion above mid 
level to flux excursion below mid level. _ <f>H ~ <^M - 


8. The refresh pulse is interrupted (abbreviated) if Data input 
changes state during the refresh pulse. MAX propagation delay 
is for Data Input changing state during the maximum excursion 
of the refresh pulse. 

9. Flux excursion 

A<f> = 0.5 (0H - </>0> or A<f> = 0.5 (<f>M - <f>0 * 0 +k)- 

Notice that under the conditions specified for A(f>, the 
average flux is (A0 + <^l). 
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Electrical Description 

The HFBR-1001 has two modes of operation: Internally-Coded 
mode and Externally-Coded mode. These are selected by 
making the Mode Select input “low” for Internally-Coded mode 
and “high” for Externally-Coded mode. With Mode Select 
“low,” the optical signal generator In the HFBR-1001 produces 
a “mid-level” flux which has positive or negative excursions, 
depending on whether Data Input is “high” or “low.” In this 
Internally-Coded mode, a train of positive excursions is initi¬ 
ated when Data Input goes “high;” when Data Input goes 
“low,” a train of negative excursions Is initiated. These ex¬ 
cursions are pulses of approximately 60ns duration with a 
300kHz repetition rate. Each initiation of a pulse train starts 
with a full-duration pulse, but when Data Input changes state, 
the train is terminated—even at mid-pulse—as a new train of 
opposite-polarity pulses is initiated. With this coding scheme 
and the low dufy factor, the average flux is always near the 
mid-level, regardless of the data rate or duration in either 
state. This coding scheme Is designed to operate the HFBR- 
2001 Fiber Optic Receiver most effectively; the mid-level flux 
operates the Receiver’s dc-restorer and the “refresh” pulses 
of either polarity keep the Receiver’s ALC voltage at the 
proper level, allowing low propagation delay for any change 
of state at Data Input. The Internally-Coded mode permits 
transmission of analog information, e.g., by means of Pulse 
Width Modulation. Another advantage of the 3-level 
Internally-Coded mode is that supply current is nearly the 
same for either logic state, thus reducing transients on the 
power supply line. 

With Mode Select “high,” the optical signal is at full maximum 
(~2 X mid level) when Data Input is “high,” and nearly zero 
when Data Input is “low.” This mode provides for these three 
applications: 


1. Steady state turn-on of the photo-emitter at maximum flux 
level (e.g., for system diagnosis). 

2. Stand-by mode (e.g., when the system is not in use). 

3. Transmission of 2-level optical signals from externally 
generated code (e.g., Manchester) for receivers not con¬ 
figured for the 3-level code. With Mode Select “high,” the 
output Is either <^h> Direct analog operation is not 
possible due to hysteresis in the response of the optical 
signal to the Data Input signal. 

Mechanical and 
Thermal Considerations 

Typical power consumption is less than 500mW so the trans¬ 
mitter can be mounted without consideration for external heat 
sinking. The optical port is an optical fiber stub centered in a 
metallic ferrule. This ferrule supports a split-wall cylindrical 
spring sleeve which aligns the ferrule in the Transmitter with 
the ferrule in the HFBR-3000 Fiber Optic Cable/Connector. 
The connection procedure is to FIRST start the Connector 
ferrule into the sleeve: THEN screw the coupling ring on the 
barrel. The barrel performs no alignment function; its 
purpose is to hold the ferrule faces together when the 
coupling ring is tightened as specified in the HFBR-3000 
Fiber Optic Cable/Connector data sheet. 

The HFBR-1001 should be mounted so that the lock nut at the 
optical port is not disturbed. Moving the lock nut can cause 
misalignment of the optical fiber stub inside the module result¬ 
ing in a reduction of power output. Mounting at the edge of a 
printed circuit board with the lock nut overhanging the edge is 
recommended. 
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Features 


• LONG DISTANCE TRANSMISSION: 

1000 METRES* 

• PIN COMPATIBLE WITH HFBR-1001 
TRANSMITTER 

• HIGH SPEED: DC TO 10 Mbaud* 

• NO DATA ENCODING REQUIRED* 

• FUNCTIONAL LINK MONITORING* 

• TTL INPUT LEVELS 

• BUILT-IN OPTICAL CONNECTOR 

• LOW PROFILE: PCB MOUNTABLE 

• SINGLE+5V SUPPLY 

‘When used with HFBR-2001 Receiver Module and any Hewlett- 
Packard HFBR-3000 Series Cable/Connector Assembly. 


Description 



The HFBR-1002 fiber optic transmitter is an integrated electrical to optical transducer designed for digital data 
transmission over single optical fiber channels. A bipolar integrated circuit and a high efficiency GaAIAs LED convert 
TTL level inputs to optical pulses at data rates from dc to 10 Mbaud (see note 5). An integral optical connector on the 
module allows easy interfacing without problems of fiber alignment. The low profile rugged industrial package is 
designed for direct circuit board mounting without additional heat sinking on printed circuit boards with 12.7 mm (0.5”) 
card rack spacing. 

The HFBR-1002 is intended for use with Hewlett-Packard fiber optic cable/connector assemblies, and the HFBR-2001 
fiberoptic receiver for transmission distances to 1000 metres. It is a direct replacement for extending links currently using 
the HFBR-1001 (100 metre) transmitter to give 1000 metre capability. The HFBR-1002 generates optical signals in either 
of two externally selectable modes. True dc response (data high or lowforarbitrary time interval) is available when using 
the Internally-Coded mode. 

WARNING: OBSERVING THE TRANSMITTER OUTPUT FLUX UNDER MAGNIFICATION MAY CAUSE INJURY TO 
THE EYE. When viewed with the unaided eye, the near IR output flux is radiologically safe; however, when viewed under 
magnification, precaution should be taken to avoid exceeding the limits recommended in ANSI Z136.1-1976. 


Package Dimensions 


Ml WU I I rtT] MACKAUD ./ 

OPTICAL TRANSMITTER 
HFBR-1002 


I W^a O^F THO, 


. 2.54 TYP. 

um * 

3.35 


9.40 r 1.27 
(.370 ^0801 ^ 



. .90 MAX 
(.038? 
7.92 
(.312) 


1. tOCK MUT Af4D 8A«R6LSH00lO , 
NOT Bt DfSTUROeO. 

2. SCREWS ONTERINa THE 2-SO 
THREAOED MOUNTING HOtBS 
MUST NOT TOUCH 80TT0M. 

3. THE CONNECTOR SHOULD NOT 
TIGHTENED BEYOND THE LIMITS 
SPECIFIED IN THE HEWLETT- 
PACKARD CABLE/ CONNECTOR 
DATA SHEET (FINGER TIGHT). 



^ 5.21 T.25 
(.205 ^.010). 


PIN 

FUNCTION 

1 

MODE SELECT 

2 

N.C. 

3 

GROUND 

4 


5 

data input 



.38T.tSSO.',TYP. 
{.oi5.i.,0Q5)' ' 


mi6^.25 
' (.400 r, 010 ) 


, 2'-'SS ONG THO. XbS (.22)'DEEP 
MOUNTING HOiES 2 PLCSv 


NOTES: 

1. DIMENSIONS IN mm (INCHES) 

2. UNLESS OTHERWISE SPECIFIED 

the tolerance on all 

DIMENSIONS IS*.38mm (t.0t5"} 
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Absolute 

Maximum Ratings 


Parameter 

Symbol 

Min 

Max 

Units 

Note 

Storage Temperature 

7S 

-55 

+8S 



Operating Temperature 

Ta 

0 

+70 

T: 


Lead Soldering 

Temperature 



260 


2' - 

Time 



10 

s • 

Supply Voltage 

vcc 

-OB 

6 

' V 


Mode Select or 

Data Input Voltage 


-0.S 

5,5 

y 



Recommended 
Operating Conditions 


' .Paraimatw ' ' 

V Symbol 

Min 

BBI 

jM| 

Ncde 

Ambient Temperature 

' 





Suppty Voltage - 



f0: 

A 

4 

High Leyel Input Voftap/ > <' 

; Mode Seiecildr Data Inppt 



"VdC’ 



;Lovw Level Input 'Vettage:,/'' 

, Mode''^lecLdr,0dtaMn^u# 

IfK: 

Ip 


V 


Pate Input,Vplla^;Pu|'^ 
Duration (high or Itwvl / ; 


100 

■ 

m 

5 

Trai>spii%i0n Distance 



1000 

' m • 

6 



Electrical/Optical Characteristics o^cto+To^c unless otherwise specified 


Parameter 

Symbol 

Min 

Typl^l 

Max 

Units 

■ / Conditions' ''"'o'''/,. '' 


Note 

Optical 

Flux 

Transmitter 

Output 

/ peak-to-peak 


<t>r 

-13 

-10 


d8m 

.Mode Seli^tf''" 

Data Input 

Squdrs We-^'.'/^'^'': 

%\ 

3'/- 

6/; 

8 

1 2 ^ 

50 

100 


pW 

High Level 



205 


M; , 

/-'Mode SetSc't 

; 'Hlgh^ /'(/ /'/ 

. 'Data Input'iligh'''"; 


Low Level 

.^L. 


5 


Data Input/Low 

Mid Level 

‘^M 


105 


' Mbde.S,eliect/'/ 
'' 'Low- 

pata1npft'’Suuare/ 
Wave at'^OO'kW'S'f' ^ 

Amplitude Symmetry^ Flux Excursion Ratio 

k 

0.8 


1,2 


' ' Mode';Seledt''LdW' '■ 

T' 

"0 ■ 

Exit Numerical Aperture 

N.A. 


0.3 


: 


3 


Optical Port (fiber optic core) Diam. 



100 


pm 




Coupling 

Loss 

Transmitter Optical Port 
to Cable/Connector Assy. 



3.0 


' dB". ^ 

W1dl/Mewiett*Packafd Cable/ 
Connecujr Assembly 



Peak Emission Wavelength 

ApK 


820 


nm 


4 


High Level 

Input Current 

Mode Select 

hH 



100 

pA 

V(;jC«5.^5V,V|-2.4V 

2 


Data Input 

20 

Low Level 

Input Current 

Mode Select 

IlL 



-1.6 

mA 


Data Input 

-0,6 

Supply 

Current 

Externally-Coded 

Mode 

*CC 



170 

mA 

'''..''Mode''^.^t 


1. 

2 

10 

40 




Internally-Coded 

Mode 

68 

05 

125 

Mode Seieet 

-' ' .LoW;"-;/ 



Dynamic Characteristics 0°C to 70°C Unless Otherwise Specified 


Parameter 

Symbol 

Min 

TVP^’ 

MseK 

Units 

Conditions 

m 

Note 

Propagation 

Delay 

High-to-Low Data Input 
Voltage Step 

tPHL 

■ 



ns'' 

^Vco ^;4.75 V/4{-&;S 

Data Input Square Wave at 500 kHt 


t1 

Low-to-HIgh Data Input 
Voltage Step 

IPLH 

1 



us 

Refresh Pulse 

Internally-Coded Mode 

Duration 


■ 

KSI 


■1 

\/CC “ V, Mode Select Low 

i;-^ 


Repetition Rate 

^R 


IQI 
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MODE SELECT - 
N.C.- 
GND - 
Vcc - 
DATA INPUT - 


HF8R-100Z 

OPTICAL 

transmitter 


to 




DATA INPUT 


OPTICAL OUTPUT 
WITH 

MODE SELECT 


OPTICAL OUTPUT 
WITH 

MODE SELECT HIGH 





Figure 3. Radiation Pattern* 



760 780 800 820 840 860 880 

X - WAVELENGTH - nm 

Figure 4. Emission Spectrum. 


*The optical fiber is recessed within the barrel at a distance of approximately 7mm. Solid line represents radiation pattern from fiber stub 
without obscuration by connector barrel. Dashed line represents radiation pattern as seen from outside of connector. 


Notes (cont’d): 

3. Measured at a point 2mm (.079 in.) from where lead enters 
package. 

4. A supply decoupling network of 2.2)uH with 60)uF is 
recommended. 

5. With NRZ data, 10 Mbaud corresponds to a data rate of 10 
Mbits/second. With other codes, the data rate is the baud rate 
divided by the number of code intervals per bit interval. Self¬ 
clocking code (e.g., Manchester) usually has two code 
intervals per bit interval giving 5 Mbits/second at 10 Mbaud. 

6. With Hewlett-Packard HFBR-2001 and HFBR-3000 Series 
Cable/Connector Assembly. 

7. For typical values, Vcc = 5.00V and Ta = 25° C. 


8. The transmitter output, 0 t, equals the flux excursion, 
A<f) =(<f)H — <f>L)/2. Notice that under the conditions specified 
for A(f), the average flux is (^h + 0l)/2. 

9. Flux excursion ratio, k, is the ratio of flux excursion above mid 
level to flux excursion below mid level. 

. _ - ^M 

10. Average currents for steady-state conditions at Data Input. 

11. The refresh pulse is interrupted (abbreviated) if Data Input 
changes state during the refresh pulse. MAX propagation 
delay is for Data Input changing state during the maximum 
excursion of the refresh pulse. 
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Electrical Description 

The HFBR-1002 has two modes of operation: Internally- 
Coded mode and Externally-Coded mode. These are 
selected by making the Mode Select input “low” for 
Internally-Coded mode and “high” for Externally-Coded 
mode. With Mode Select “low,” the optical signal 
generator in the HFBR-1002 produces a “mid-level” flux 
which has positive or negative excursions, depending on 
whether Data Input is “high” or “low”. In this Internally- 
Coded mode, a train of positive excursions is initiated when 
Data Input goes “high;” when Data Input goes “low,” a 
train of negative excursions is initiated. These excursions 
are pulses of approximately 40ns duration with a 300kHz 
repetition rate. Each initiation of a pulse train starts with a 
full-duration pulse, but when Data Input changes state, 
the train is terminated — even at mid-pulse — as a new 
train of opposite-polarity pulses is initiated. With this 
coding scheme and the low duty factor, the average flux is 
always near the mid-level, regardless of the data rate or 
duration in either state. This coding scheme, which is 
transparent to the user, is designed to operate the HFBR- 
2001 Fiber Optic Receiver most effectively: the mid-level 
flux operates the Receiver’s dc-restorer and the “refresh” 
pulses of either polarity keep the Receiver’s ALC voltage 
at the proper level, providing data format independence 
(no data encoding required) over the data rate range of dc 
to lOMbaud. The Internally-Coded mode permits trans¬ 
mission of analog information, e.g., by means of Pulse 
Width Modulation. Another advantage of the 3-level 
Internally-Coded mode is that supply current is nearly the 
same for either logic state, thus reducing transients on the 
power supply line. 

With Mode Select “high,” the optical signal is at full maxi¬ 
mum (~2 X mid-level) when Data Input is “high,” and 
nearly zero when Data Input is “low.” Used in this mode 
with the HFBR-2001 Receiver, the user must provide 
proper data formatting (e.g., Manchester or Bi-Phase 
coding, explained in HFBR-2001 data sheet) to ensure 
proper receiver operation. This mode provides for these 
three applications: 


1. Steady state turn-on of the photo-emitter at maximum 
flux level (e.g., for system diagnosis). 

2. Stand-by mode (e.g., when the system is not in use). 

3. Transmission of 2-level optical signals from externally 
generated code (e.g., Manchester) for receivers not 
configured for the 3-level code. With Mode Select 
“high,” the output is either 0 h, or 0 l. Direct analog 
operation is not possible due to hysteresis in the 
response of the optical signal to the Data Input signal. 

Mechanical and 
Thermal Considerations 

Typical power consumption is less than SOOmW so the 
transmitter can be mounted without consideration for 
external heat sinking. The optical port is an optical fiber 
stub centered in a metallic ferrule. This ferrule supports a 
split-wall cylindrical spring sleeve which alignstheferrule 
in the Transmitter with the ferrule in the Hewlett-Packard 
Fiber Optic Cable/Connector Assembly. The threaded 
barrel performs no alignment function; its purpose is to 
hold the ferrule faces together when the coupling ring is 
tightened finger-tight as specified in the Hewlett-Packard 
Fiber Optic Cable/Connector data sheet. 

The HFBR-1002 should be mounted so that the lock nut at 
the optical port is not disturbed. Moving the lock nut can 
cause misalignment of the optical fiber stub inside the 
module resulting in a reduction of power output. 
Mounting at the edge of a printed circuit board with the 
lock nut overhanging the edge is recommended. 

Good system performance requires clean ferrule faces to 
avoid obstructing the optical path. Clean compressed air 
often is sufficient to remove particles of dirt; methanol or 
Freon™ on a cotton swab also works well. If it is absolutely 
necessary to remove the threaded barrel and lock nut to 
clean the transmitter ferrule face, refer to the section 
“Installation Measurement and Maintenance” in Hewlett- 
Packard Application Note 1000. 



Figure 5. Normalized Transmitter Output Flux vs. Temperature. 
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Features 

• HIGH SPEED: dc to lOMb/sNRZ* 

• LOW NOISE: 10-^ BER with 0.8 aW Input* 

• LOW PROFILE: Fits 12.7mm (0.5") spaced card rack 

• SINGLE SUPPLY VOLTAGE 

• WIDE OPTICAL DYNAMIC RANGE: 23dB 

• OPTICAL PORT CONNECTOR 

• ARBITRARY DATA FORMAT* 

• TTL OUTPUT LEVELS 

• LINK MONITOR: Shows Satisfactory Input Signal* 

*When used with HFBR-1001/1002 Transmitters and HFBR-3000 
Cable/Connector Assemblies. 

Description 

HFBR^2001 fiber optic receiver is an integrated opticai to electrical transducer designed for reception of digital data over single 
fiber channels. A silicon PIN photodetector and a bipolar integrated circuit convert optical pulses to TTL level outputs with an 
optical sensitivity of .8/xW, a dynamic range of 23 dB, and data rates to 10 Mb/s NFtZ. An integral optical connector on the 
module allows easy interfacing without problems of fiber/detector alignment. The low profile package is designed for direct 
printed circuit board mounting without additional heat sinking. 

The HFBR-2001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies and the HFBR-1001/1002 fiber 
optic transmitters. In order to provide wide dynamic range, dc response, and high sensitivity, the receiver must periodically 
extract Information from the optical waveform. When operating with a transmitter in the internally-coded mode, this information 
is automatically provided by the transmitter. When operating In the externally-coded mode, or with another transmission 
source, the user must provide proper data formatting to insure proper receiver operation. 

An additional TTL output called Link Monitor (LM), provides a digital indication of link continuity independent of the presence of 
data. Link continuity is indicated by a logical high output state. 

Package Dimensions 

-■ ^ BA-BREL ' '• CAUTION;- 

%. LOCK NUT AND BARREL SHOULD 
NOT BE DtSTUBBED, - 

2. SCREWS ENTERING THE a^SB 

THREADED MOUNTING holes; ■ 

MUST NOT TOUCH BOTTOM. 

3. THE HFBR-SOOO CONNECTOR > 

SHOULD NOT BE TIGHTENED 
BEYOND THE LIMITS SRECrflED 
IN THE HFBR.3000 DATA SHEET. 


PIN _ FUNCTION 

1 TEST POINT 

2 LINK MONITOR 

3 GROUND 

4 Vcc __ 

5 DATA OUTPUT 


NOTES; - " 

DIMENSIONS IN mm {INCHESI 
2. UNLESS OTHERWISE SPECIFIED 
TH E TOLE RANGE ON ALL 
DIMENSIONS IS t.38mm (i ’ 
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Absolute Maximum Ratings 




OparatlPS Tempa rai 

turn 

LeM^lderlng 

Temperature 

Cyclet'V'' 

Time 

SupplyVolta# 



Recommended Operating conditions 


Ambient Temperature 


Supply Voltege 


S^ly BIpple (f^eak-tO'Peak) 


HlgH Sey#! Link Monitor 

C^^ut Current Data Output 
tow Level Output Current 


. Average Input Flux 


; PiwSc4o;Reak Input Flux 


Optical Ir^ut 2-Level High Level 

Fulee Duration Code Low Level 

and Timing Flux Excu retort Ratio 

3*Lavei High Level 
Code Low Level 

_ Mid Level 

Refresh Repetition Rate 
Refredi Duty Factor 





tH 

tL 

k 

tH 

tL 

tM 

fRlH,tRtL 


Electrical/Optical Characteristics o»c 


to 70® C Unless Otherwise Specified 



Data Output 

VOH 

Link Monitor 

Data Output 

VOL 

Link Monitor 


$ymb(d Min | Typ^ I Max I Units | 


2.86 


lESaESI 


Test Point Voltage 


Supply Current 


Condifions 


+ OM pwi, io ^ -4|)0M 


M “ 0.8 pW, Ip ~ 








optical Port Ifiber optic core) Diameter 


Numerical Aperture 


Peak Responsivity Wavelength 




Dynamic Characteristics 0°C to 70®C Unless Otherwise Specified 


Propagation 

Delay 


Link Monitor 
Response Time 


High 
to Low 


Low to 
High 


Low-to-High 


High*to-Low 


3-Level Code 


2-Lev8l Code 


3-Level Code 


2-Levei Code 


Symbol I Min I Tyi 


tpHL 


Cond^tona 
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DATA INPUT TO TRANSMITTER (HFBR 1001, INTERNALLY CODED) OMITTING TRANSMISSION DELAY 



DATA INPUT TO TRANSMITTER, E.G. MANCHESTER (HFBR-1001 EXTERNALLY CODED) OMITTING TRANSMISSION DELAY 



Figure 1. Optical Input Timing Requirements. 


Notes (cant’d): 

3. Measured at a point 2mm (.079") from where the lead enters 
the package. 

4. If ripple exceeds the specified limit, the regulator shown in 
Figure 5 should be used. The LC filter shown in Figure 5 is 
recommended whether the regulator is used or not. 

5. For typical values, Vqq = 5.00V and T/^ = 25“C. 

6. Flux is averaged over an interval of at least SOfis. Flux values 
specified are for the equivalent of a monochromatic source 
between 700nm and 820nm. 

7. For either 2-level or 3-level code, k= 

8. For the HFBR-2001, a 3-Level Code Is defined as having a 
mid-level, with equal-amplitude and pulse width excursions to 
high-level or to low-level. 

9. Link Monitor provides a check Of link continuity. A low Link 
Monitor output indicates that the optical signal path has been 
interrupted. For example, it might indicate a broken cable or 
a loose, dirty, or damaged connector. The link may still be 
operational with Link Monitor low, but it should be checked 
to determine the cause of the low indication. When the 
source of flux is an Internally-Coded HFBR-1001/1002 Fiber 
Optic Transmitter, Link Monitor high will be a valid indication 
of link continuity whether or not data is being transmitted. An 
optical input with excursions (A0) greater than or equal to 
0.8 mW is sufficient to hold Link Monitor high. 

10. When observing Vj, use a voltmeter with at least lOMft Input 
resistance. With zero input flux, Vj is at its maximum value, 
Vj^MAX. Then when flux is being received, whether modulated 
or hot: 

(Vt,MAX - Vt) = (25kn)(lp) = (25kn)(R<^<^M) 
where Ip = average photodiode photocurrent 
« 0.4A/W = photodiode responsivity 
= average flux being received 

11. Measured from the time at which optical Input crosses the 25% 
level until DATA OUTPUT = 1.5V in HL transition. 

12. Measured from the time at which optical input crosses the 75% 
level until DATA OUTPUT = 1.5V In LH transition. 



Figure 2. Schematic Diagram. 


13. Measured from the time at which optical input fluctuation begins 
until LINK MONITOR rises to 1.5V. 

14. Measured from the time at which optical input fluctuation ceases 
until LINK MONITOR falls to 1.5V. 

15. With NRZ data, lOMbaud corresponds to a data rate of 
lOMb/s. With other codes, the data rate Is the baud rate divided 
by the number of code intervals per bit interval—self-clocking 
code (e.g., Manchester) usually has two code intervals per 

bit interval giving 5Mb/s at lOMbaud. 
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Electrical Description 

Flux enters the HFBR-2001 via an optical fiber stub where a 
PIN photodiode converts it to a photocurrent. This photocur¬ 
rent goes to an l-V (current-to-voltage) amplifier which utilizes 
both dc feedback and ALC (automatic level control). 

The function of dc feedback is to keep the average value of 
the signal centered in the linear range of the amplifier. The dc 
feedback amplifier has a high impedance output to establish 
a long tihrie constant on a capacitor at its output. (The voltage 
on the capacitor is observable at the test point). As seen in 
the schematic diagram, the voltage on this capacitor extracts 
the average component of photocurrent from the Input of the 
l-V amplifier so Its average output is at a fixed level. Optical 
flux excursions above and below the average cause voltage 
excursion above and below the fixed level at the output of the 
l-V amplifier. 

The voltage excursions operate a flip-flop whose output drives 
the Data Output amplifier; an excursion above the average 
level sets the data output high, where it remains until an 
excursion below the average level resets the flip-flop. 

To prevent overdrive, an ALC circuit, responding to excursions 
either above or below the average level, controls the gain of 
the l-V amplifier. Gain is then determined by whichever polar¬ 


ity of excursion is the greater. If these excursions are too far 
from being balanced, the gain limitation imposed by the larger 
excursion may cause the smaller (opposite polarity) excursion 
to be too small to operate the flip-flop. 

The Link Monitor output is driven by an amplifier which re¬ 
sponds to the ALC voltage. The Link Monitor Is high when the 
flux excursions are greater than or equal to 0.6ii\N. 

Mechanical and Thermal 
Considerations 

Typical power consumption is less than 500mW so the Receiver 
can be mounted without consideration for additional heat 
sinking. The optical port is an optical fiber stub centered in a 
metallic ferrule. This ferrule supports a split-wall cylindrical 
spring sleeve which aligns the ferrule in the Receiver with the 
ferrule in the HFBR-3000 Fiber Optic Cable/Connector. The 
connection procedure Is to FIRST start the Connector ferrule 
into the sleeve, THEN screw the coupling ring on the barrel. 
The barrel performs no alignment function; Its purpose is to 
hold the ferrule faces together when the coupling ring is 
tightened as specified In the HFBR-3CX)0 Fiber Optic 
Cable/Connector data sheet. 


10 ° 0 ° 



‘The optical fiber is recessed within the barrel at a distance of approximately 7mm. Solid line represents reception pattern at fiber stub 
without obscuration by connector barrel. Dashed line represents reception pattern as seen from outside of connector. 



Figure 4. Spectral Response. 


Figure 5. Power Supply Transient Filter Recommendation. 











Features 


• USER SPECIFIED CABLE LENGTHS 

• CONNECTORS FACTORY INSTALLED 
AND TESTED 

• PERFORMANCE GUARANTEED OVER 
TEMPERATURE AND HUMIDITY 

• HIGH STRENGTH 

• LIGHT WEIGHT 

• SMALL BEND RADIUS 


Description 


Cable Length (Metres) 

Tolerance 

Units 

1—10 

+10 


—0 

% 

11—100 

+ 1 
— 0 

Metre 

> 100 

+ 1 
- 0 

% 



The HFBR-3000 Simplex Fiber Optic Cable/Connector 
Assemblies are intended for use with the HFBR-1001/-1002 
Transmitters and HFBR-2001 Receiver for digital data 
transmission. The Connectors mate directly with the 
optical ports on the Transmitters and Receiver. The cable 
uses a single fused silica, partially graded index, glass- 
clad fiber surrounded by silicone coating, buffer jacket, 
and tensile strength members. This combination is then 
covered by a scuff-resistant outer jacket. The cable 
resistance to mechanical abuse, safety in flammable 
environments, and inherent absence of electromagnetic 
interference effects may make the use of conduit 
unnecessary. However, the light weight and high strength 
of these assemblies allows them to be drawn through most 
electrical conduits. The HFBR-3099 Adapter, for inter¬ 
connecting cables, consists of two parts: a sleeve to align 
the ferrules and barrel to join the connector couplings. 

HFBR-3000 CABLE LENGTH TOLERANCE 


POLYURETHANE OUTER JACKET- 

STRENGTH MEMBERS- 

BUFFER JACKET- 

SILICONE COATING- 

■ CLADDING (SILICA)- 

_CORE (SILICA)-- 


Mechanical Dimensions 


Cable/Connector ordering Guide 

HFBR-3000 defines an optical cable of user specified 
length supplied with factory installed and tested 
connectors. Length must be specified in metres and'can 
be any one metre increment from 1 to 1000 metres. Length 
information is shown as option 001 to the base product 
number with quantity equal to the number of cable 
assemblies ordered. 

Examples: 

For a single length of 245 metres specify: 

HFBR-3000 Optic Cable Assy Quantity 1 
Option 001 245 metres long Quantity 1 

For seven lengths of 1000 metres specify: 

HFBR-3000 Optic Cable Assy Quantity 7 
Option 001 1000 metres long Quantity 7 

Systems intended to operate at distances greater than 
1000 metres may require special component selection, 
depending upon operating conditions. For cable lengths 
greater than 1000 metres contact your local Hewlett- 
Packard sales office. 


CONNECTOR 

36 0 1.3 ^ 

1142 S05) tO-32UNF . 

IWT. THD. \ 


HFBR 3099 ADAPTER 


■' CA8I.E' Bf-A. fttOwmAl 

JOtlVIItfeieNS ARE 
mmllNCHES). 

/ SPEjG#FIEDi,TRt - - 

, ,mfRANCES ■ 

■ ,X i .Slao'm ^ ''' ’' 

'■: LXX 4 M fn.r' ' 'FIBER Ei 

; - .XX t -'.taBim FLUSH y 

tXXXt.OOSift.} ^ FACE. 


2.490 -.005 
”*(.0984 - .0002) 


.3. FIBER END tS LOCKED 
FLUSHWITH FERRULE 
FACE. ' 



REF, plane 
FOR CABLE 
LENDTN 





CAUTION; 

A. COUPLINO SHOULD NOT 
BE OVERTIGHTENED, SEE 
tV)ECHANtCAL,/OPTICAL 
CHARACTERISTICS AND 
NOTE 14. 

B. GOOD SYSTEM PERFOR. 
MANGE REQUIRES CLEAN 
FERRULE FACES TO 
AVOID obstructing 
THE OPTICAL PATH. 
CLEAN COMPRESSED AIR 
OFTEN IS SUFFICIENT TO 
REMOVE PARTICLES, A 
COTTON SWAB SOAKED 
IN METHANOL OR 
FREONMAY ALSO 

BE USED. 
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Absolute Maximum Ratings 





Max. 


Note 1 

Iterameter 



Max. 



Relative HiamMIty at Ta * 70°C i 

;v; + * 


EB 

mm 




HM 

''5 


E0H 


n. M 

-40 

,+85 , 

Hj 

H 

ilSSHI 


wm 

mm 

E0S 

mmmm 

Oparat^ng TemperatMfa+- 

Ta 

mm 

ESI 


:FC:; 

mm 


iCTi 

m 

' TmmU 

■;:"Fow. 

an Cable' k/:: 



mm 


-0^ 


BaKM 

IBMB 



ippii 

-an Oaaniatar/C^t3^''\ 


lE3i 


m 




Mechanical/Optical Characteristics 0°C to +70° C Unless Otherwise Specified 


kr''C"'.'+ a' 

Symbol 


IS 

jliaxK. 



B?§ 


k^BxitNumerrcal Aperture a, 







IS 



ilBMS 



mm 




B 

s.n 


mm 

mmrnSm 

mm 




IS 

= 5.4 ■ 




s 

ifllM 




Sii 

B 



m 





'In 

mm 


■ 

pi’i^ 


SOdc’? 

WH 

grss 

ms 



B 

■ 


wmm 


mm 


rkOptical Fiber Profile Index ■ ; -r:;.:.-. 









:+mdrigation Under.Tonslle Force'-^''V'v - ' 





% 




per UnitCengl'h;-',,' ■ 

"-'-m/P/", 



(ip'fi-ty 





f Cable Outside Diameter 

t. Dca+^ 









Notes (cont’di: 

4. 180° bending at minimum bend radius, with ION tensile load. 

5. Force applied on 2.5 mm diameter mandrel laid across the cable on a 
flat surface, for 100 hours, followed by flexure test. 

6. For mass m dropped from height h on 25 mm diameter mandrel laid 
across the cable on a flat surface. 

7. Exit N. A. is defined as the sine of the angle at which the off-axis radiant 
intensity is 10% of the axial radiant intensity. 

8. Fiber 3dB Bandwidth • Length, (MHz • km) is defined as 350/fiber 
dispersion (ns/kmi. 


9. Typical values are at Ta = 25°C. 

10. This applies for short term testing, less than one hour. 

11. Fiber loss exclusive of connector loss. 

12. This applies to cable only. 

13. When using HFBR-1002 transmitter with HFBR-3000 Cable/ 
Connector Assembly, Total Insertion Loss, aj = ap + ao ( £ - 300 ) for 

C> 300 m; for lengths 8< 300 m, aj = ap- 1000 

14. Coupling Ring “Finger Tight”, torque 0.05 < L < 0.1 N*m. 
Overtightening may cause excessive fiber misalignment or permanent 
damage. 



o 




600 700 800 900 1000 

WAVELENGTH (nm) 


Figure 1. Optical Fiber Output Radiation Pattern. 


Figure 2. Spectral Transmission. 


The actual fiber dispersion is determined from the RMS Pulse Spreading and can be approximated by: 





IMPULSE: tpi < 3.5ns 


DISPERSION ^ 



Figure 3. Fiber Dispersion 











































Selection Guide ........ 

Hi^ Speed Optocouplers 

High 

Interfere 

Hermetic Optocouplers 


OPTO¬ 

COUPLERS 












High Speed Optocouplers 


Device 

Description 

Application^^ ^ 

Typical 
Data Rate 
(NRZ) 

Current 

Transfer 

Ratio 

Specified 

Input 

Current 

Withstand 

Test 

Voltage 

Page 

No. 

ANODE dF 


O'^cc 

m 

HVo 

Ognd 

6N135 

Transistor Output 

Line Receiver, Analog 
Circuits, TTL/CMOS, 
TTL/LSTTL Ground 
isolation 

1 Mbit/s 

■ 

7% Min. 

16mA 

3000Vdcl3) 

46 

CATHODE 

i; 

6N136 

19% Min. 



HCPL-2502 

15-22%(21 

ANODE, [7 
CATHODE, [2 
CATHODEj [3 

ANODE2 [4 


to Vcc 

ll Voi 

H V(E 
|]gnd 

HCPL-2530 

Dual Channel 

Transistor Output 

Line Receiver, Analog 
Circuits, TTL/CMOS, 
TTL/LSTTL Ground 
isolation 

1 Mbit/s 

7% Min. 

16mA 

3000Vdcl31 

50 

HCPL-2531 

19% Min. 

e' 

anodeH- 

CATHODE [3 - 

Vcc 

GND 

1] 

2 ] v, 

U Vflijr 

5 } 

6N137 

Optically Coupled 

Logic Gate 

Line Receiver, High 

Speed Logic Ground 
Isolation 

10M Bit/s 

700% Typ. 

5.0mA 

3000Vdc[3| 

54 

K 

anode{?- 

CATHOOEd - 

Vcc 

GND 

tovE 

tovouT 

HCPL-2601 

High Common Mode 
Rejection, Optically 
Coupled Logic Gate 

Line Receiver, High 

Speed Logic Ground 
Isolation in High 

Ground or Induced 

Noise Environments 

lOM bit/s 

700% Typ. 

5.0mA 

3000Vdc(31 

58 




HCPL-2602 

Optically Coupled 

Line Receiver 

Replace Conventional 

Line Receivers In High 
Ground or induced 

Noise Environments 

10M bit/s 

700% Typ. 

5.0mA 

3000Vdcl3l 

62 

u 

+IN -{2 

-INojl 

^4 

S 

Vcc 

J 1 

H 

IIve 

I]V0UT 

H 

ANODE, Q 
CATHODE, [2 
CATHODE^d 
ANOD^ [4 

J >• 

-T GND 

to 

■I]Voi 
- 1] yj2 

to 

HCPL-2630 

Dual Channel 

Optically Coupled 

Gate 

Line Receiver, High 

Speed Logic Ground 
Isolation 

10M bit/s 

700% Typ. 

5.0mA 

3000Vdc[3| 

68 


High Gain Optocouplers 


Device 

Description 

Application! f] 

Typical 
Data Rate 
(NRZ) 

Current 

Transfer 

Ratio 

Specified 

Input 

Current 

Withstand 

Test 

Voltage 

Page 

No. 


■ 

■ 

6N138 

Low Saturation 
Voltage, High Gain 
Output, Vcc=7VMax. 

Line Receiver, Low 
Current Ground 

Isolation, TTL/TTL, 
LSTTL/TTL, CMOS/ 
TTL 

300k bit/s 

300% Min. 

1.6mA 




1 

1 

i 

1 


Low Saturation 
Voltage, High Gain 
Output, Vcc”18V 
Max. 

Line Receiver, Ultra 

Low Current (around 
Isolation, CMOS/LSTTL 
CMOS/TTL, CMOS/ 
CMOS 

400% Min. 

0.5mA 




anodei|T- 

d- 

u- 

ANODE2IT- 



HCPL-2730 

Dual Channel, High 
Gain, Vcc=7V Max. 

Line Receiver, Polarity 
Sensing, Low Current 
Ground isolation 

300k bit/s 

300% Min. 

1.6mA 

3000Vdcl3I 

76 


I]voi 

^|]V02 

>^TjGND 

HCPL-2731 

Dual Channel, High 
Gain, Vcc^'ISV Max. 

400%Min. 

0.5mA 


anode[] 

CATHODE[2 

n 


__ 

T]Vb 

Uvo 

4N45 

Darlington Output 
Vcc=7V Max. 

AC Isolation, Relay- 
Logic Isolation 

3k bit/s 

250% Min. 

1.0mA 

3000Vdc[31 

80 


A 

4N^J) 

Darlington Output 

350% Min. 

0.5mA 

Li 

—- 

LI 

r'"° 


Vcc=20VMax. 
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AC/DC to Logic Interface Optocoupler 



Hermetic Optocouplers 


Device 

Description 

Application I'll 

Typical 
Data Rate 
(NRZ) 

Current 

Transfer 

Ratio 

Specified 

Input 

Current 

Withstand 

Test 

Voltage 

Page 

No. 





6N134 

Dual Channel 
Hermetically Sealed 
Optically Coupled 

Logic Gate. 

TXV - Screened 

TXVB - Screened 
with Group B 

Line Receiver, 

Ground Isolation for 
High Reliability 
Systems 

lOMbit/s 

400% Typ. 

10mA 

1500Vdc 

90 

ANODE, 2 

3 

4 

CATHODE} 5 
ANODE} ( 

7 


IS 

14 Vo, 

13 

« Vo} 

11 

10 

6N134 







. 


_ 

9 


Data 












6N134TXVB 













6N140y‘ 

Hermetically Sealed 
Package Containing 

4 Low Input Current, 

Line Receiver, Low 
Power Ground 

Isolation for High 

300k bit/s 

300% Min. 

0.5mA 

1500Vdc 

94 

1 

2 



16 

15 






3 

4 

5 
8 


14 

13 

12 

11 

6N140TXV 

High Gain Optocouplers 
TXV - Hi-Rel 

Screened 

Reliability Systems 






8 



10 

9 


TXVB - Hi-Rel 












6N140TXVB 

Screened with ^ 

Group B Data ' ^ ' 












4N5^) 

Dual Channel 

Line Receiver, 

700k bit/s 

7% Min. 

16mA 

1500Vdc 

98 

1 

2 





Hermetically Sealed 
Analog Optical 

Analog Signal 

Ground Isolation, 






3 

4 

5 

6 





4N55TXV 

Coupler 

TXV-Hi-Rel , < 

Screened 

Switching Power 
Supply Feedback 
Element 






7 

8 





4N55TXVB 

TXVB - Hi-Rel 












Screened with 

Group B Data 








Notes: 1. AN 948, AN 951-1, and AN 951-2 are located in Application Notes Section, beginning on page 311. For further 
information ask for AN 939 and AN 947. 

2. The HCPL-2502 Current Transfer Ratio Specification is guaranteed to be 15% minimum and 22% maximum. 

3. Recognized under the Component Recognition Program of Underwriters Laboratories Inc. (File No. E55361), 
220 VAC working voltage. This is guaranteed by a 3000 Vdc withstand voltage test for 5 seconds. 
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HEWLETT 

PACKARD 


HIGH SPEED 
OPTCXOUPLERS 


6N135 

6N136 

HCPL-2502 


TECHNICAL DATA MARCH 1980 





Features 

• HIGH SPEED: 1 MbIt/s 

• TTL COMPATIBLE 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES, INC. (FILE NO. E55361) 

• HIGH COMMON MODE TRANSIENT IMMUNITY: 

1000V/MS 

• 3000 Vdc WITHSTAND TEST VOLTAGE 

• 2 MHz BANDWIDTH 

• OPEN COLLECTOR OUTPUT 

Description 

These diode-transistor optocouplers use a light emitting 
diode and an integrated photon detector to provide 3000V do 
electrical Insulation between input and output. Separate 
connection for the photodiode bias and output transistor 
collector improve the speed up to a hundred times that of a 
conventional photo-transistor coupler by reducing the base- 
collector capacitance. 

The 6N135 is suitable for use in TTL/CMOS, TTL/LSTTL or 
wide bandwidth analog applications. Current transfer ratio 
(CTR) for the 6N135 is 7% minimum at Ip = 16 mA. 

The 6N136 is suitable for high speed TTL/TTL applications. A 
standard 16 mA TTL sink current through the input LED will 
provide enough output current for 1 TTL load and a 5.6 kn 
pull-up resistor. CTR of the 6N136 is 19% minimum at Ip = 
16 mA. 

The HCPL-2502 is suitable for use in applications where 
matched or known CTR is desired. CTR is 15 to 22% at Ip = 
16 mA. 

*JEDEC Registered Data. (The HCPL-2502 is not registered.) 


Applications 

• Line Receivers — High common mdde transient immunity 
(>1000V/jUs) and low input-output capacitance (0.6pF). 

• High Speed Logic Ground Isolation — TTL/TTL, TTL/ 
LTTL, TTL/CMOS, TTL/LSTTL 

• Replace Slow Phototransistor Isolators — Pins 2-7 of the 
6N135/6 series conform to pins 1-6 of 6 pin phototransistor 
couplers. Pin 8 can be tied to any available bias voltage of 
1.5V to 15V for high speed operation. 

• Replace Pulse Transformers — Save board space and weight. 

• Analog Signal Ground Isolation — integrated photon de¬ 
tector provides improved linearity over phototransistor type. 

Absolute Maximum Ratings* 


Storage Temperature.--55°C to+125°C 

Operating Temperature.-55°C to 100°C 

Lead Solder Temperature.. 260®Cfor10s 

(1.6mm below seating plane) 

Average Input Current — Ip. 25mAMl 

Peak Input Current — Ip.50mA[2] 

(50% duty cycle, 1 ms pulse width) 

Peak Transient Input Current — Ip. 1.0A 

(<1ius pulse width, SOOpps) 

Reverse Input Voltage - Vr (Pin 3-2). 5V 

Input Power Dissipation. 45mW[^) 

Average Output Current — Iq (Pin 6) .. 8mA 

Peak Output Current. 16mA 

Emitter-Base Reverse Voltage (Pin 5-7). 5V 

Supply and Output Voltage - Vcc (Pin 8-5), Vq (Pin 6-5) 

..... -0.5V to 15V 

Base Current — Ig (Pin 7)... 5mA 

Output Power Dissipation. 100mW(4] 
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Electrical Specifications 

Over recommended temperature (Ta = 0°C to 70°C) unless otherwise specified. 


Current Transfer Ratio 


Logic Low 
Output Voltage 


Logic High 
Output Current 


Logic Low 
Supply Current 


Logic High 
Supply Current 


Input Forward Voltage 


Temperature Coefficient 
of Forward Voltage 


Input Reverse 
Breakdovtsi Voltage 


Input Capacitance 


Input-Ou^ut Insulation 
Leakage Current 


Resistance 
I Input-Output) 


Capacitance 

lInput-Output) 


T ransistor DC 
Current Gain 


Sym. j Device 


I 6NtS6 

CTR* 

1 HCFL‘.2602 


6ISI13B 


Max. I Untta | 



"/'Test-Condittiws' 


ip** IfknA, Vo « b.4V, Voc «*4.SV 


iP g sr ffi g iB i 




Switching specifIcations at Ta=25°C 


Sym. Device 


6N135 


6N136 

HCFL-2^2 


"A ^ 

Min, Typ. 


Vcc = 5V, Ip 








Ip «1DmA,Vo>? Vcc* 


lp*0mA,Vo«VcC»^5V 

'tA«2rc' 


Ip * 16mA, Vo * Open, Vqc ** 


If »DmA, Vo>?Open, Voo* 16V 

'Ta'«26‘'C''--',;'' 


IP ** Om A, Vo ~ Open, Vqc * 1 6V 


lp*16mA,TA*26^C 


Ip « 16mA 

Ir« 1<^A,Ta*26^C 


f»tMH2,Vp«0 


45% Relative Humidi^, t - 5s 
- aOOOVdc, Ta * 25®C 


V|^> « SOOVdc 


f»1IVIH2 


Vq “ 5V, lo *= 3mA 


**AI1 typicals at Ta = 25®C. 
= 16mA, unless otherwise specified. 



Test Conditions 


Fig. Note 


Common Mode Tran¬ 
sient 1 mmpntty Logic 
High Laval Output 

CMh 

Common Mode Tran¬ 
sient Immunity at Coglc 
Low i.eval Output 

CMt 



ilHl—B[ 


1 

ii 


6N135 


eN138 

HCFL-2502 


NOTES: 

1. Derate linearly above 70°C free-air temperature at a rate of 0.8mA/°C. 

2. Derate linearly above 70°C free-air temperature at a rate of 1.6mA/°C. 

3. Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C. 

4. Derate linearly above 70° C free-air temperature at a rate of 2.0mW/°C. 

5. CURRENT TRANSFER RATIO is defined as the ratio of output collector 
current, Iq, to the forward LED input current, Ip, times 100%. 

6. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted 
together and Pins 5,6, 7, and 8 shorted together. 

7. Common mode transient immunity in Logic High level is the maximum 
tolerable (positive) dVcM/^lt on the leading edge of the common mode 








v/ps tp - (^A^ Vi:)i^” lovp^,Rfe4^i ka 

yfm} ; 10 v ^ 7 , 8 ^ ' 


'V)fpS'-', 




I Rt’^ IOba ; ^ 


pulse Vciyi, to assure that the output will remain in a Logic High state 
(i.e., Vq > 2.0V). Common mode transient immunity in Logic Low 
level is the maximum tolerable (negative) dVcM/dt on the trailing 
edge of the common mode pulse signal, Vci\/i» to assure that the output 
will remain in a Logic Low state (i.e., Vq < 0.8V). 

8. The 1.9kn load represents 1 TTL unit load of 1.6mA and the 5.6kn pull-up resistor. 

9. The 4.1 kf2 load represents 1 LSTTL unit load of 0.36mA and 6.1 kfl pull-up resistor. 

10. The frequency at which the ac output voltage is 3dB below the low frequency asymptote. 




*JEDEC Registered Data. 
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Ip - QUIESCENT INPUT CURRENT - mA 

Figure 7. Small-Signal Current Transfer Ratio vs. Quiescent 
Input Current. 


0.1 I ^ 

560Q > 100q5 


Figure 8. Frequency Response 


VcM 10V- 

ov 


SWITCH AT A: Ip = 0mA 


SWITCH AT B: Ip = 16mA 




— VoL 

10% DUTY CYCLE 


-T L- 


1 


1/f < lOO^is 

—tiJ 


p 

OVo 


Ip MONITOR O-- 



3 

i 

n T 

_L Cl= 15pF 


100^2 < 

J 

> 

L 


Figure 9. 

/ / / 

Switching Test Circuit. * 





HP8007 
PULSE GEN. 


*JEDEC Registered Data Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 
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Features 

• HIGH SPEED: 1 MbIt/s 

• TTL COMPATIBLE 

• HIGH COMMON MODE TRANSIENT IMMUNITY: 
>1000V/MS 

• HIGH DENSITY PACKAGING 

• 3000 Vdc WITHSTAND TEST VOLTAGE 

• 3 MHz BANDWIDTH 

• OPEN COLLECTOR OUTPUTS 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES, INC. (FILE NO. E55361) 


Applications 

• Line Receivers — High common mode transient immunity 
(>1000V/iUs) and low input-output capacitance (0.6pF). 

• High Speed Logic Ground Isolation — TTLA’TL, TTL/ 
LTTU TTL/CMOS, TTL/LSTTL. 

• Replace Pulse Transformers — Save board space and weight 

• Analog Signal Ground Isolation — Integrated photon de¬ 
tector provides improved linearity over phototransistor type. 

• Polarity Sensing. 

• isolated Analog Amplifier — Dual channel packaging en¬ 
hances thermal tracking. 


Description 

The HCPL-2530/31 dual couplers contain a pair of light emit¬ 
ting diodes and Integrated photon detectors with 3000V dc 
electrical insulation between input and output. Separate con¬ 
nection for the photodiode bias and output transistor collec¬ 
tors improve the speed up to a hundred times that of a conven¬ 
tional phototransistor coupler by reducing the base-collector 
capacitance. 

The HCPL-2530 Is suitable for use in TTL/CMOS, TTL/LSTTL 
or wide bandwidth analog applications. Current transfer ratio 
(CTR) for the -2530 is 7% minimum at Ip = 16 mA. 

The HCPL-2531 is suitable for high speed TTL/TTL applica¬ 
tions. A standard 16 mA TTL sink current through the input 
LED will provide enough output current for 1 TTL load and a 
5.6k^2 pull-up resistor. CTR of the -2531 is 19% minimum at 
Ip = 16 mA. 


Absolute Maximum Ratings 

Storage Temperature.-55°C to+125°C 

Operating Temperature.-55°C to +100°C 

Lead Solder Temperature. 260°C for 10s 

(1.6mm below seating plane) 

Average Input Current — Ip (each channel). 25mAHI 

Peak Input Current — Ip (each channel).50mA 12) 

(50% duty cycle, 1 ms pulse width) 
Peak Transient Input Current — Ip (each channel) .... 1.0 A 

«1ius pulse width, 300pps) 

Reverse Input Voltage — Vr (each channel).5V 

Input Power Dissipation (each channel). 45mW(3l 

Average Output Current — Iq (each channel). 8mA 

Peak Output Current — Iq (each channel).16mA 

Supply and Output Voltage — Vcc (Pin 8-5), Vq (Pin 7,6-5) 

... -0.5V to 15V 

Output Power Dissipation (each channel). 35mWl4l 
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Electrical Specifications 

Over recommended temperature (Ta = 0°C to 70°C) unless otherwise specified. 




..Mm. 



Ti9t Conditiofiii 


IJS *« lemA. Vo * O.SV* Vcc *“ 4 5V 


Its • 1(8mA, Vo w alv, Vcc “ 




AJp«2/lmA,Vpc-4 


Vot^ ^ VOS;- *‘^’VcP ** 


1.2 5.6 



iDj^ptetion Leekage 
Cufmnt 


FleststBnrea 


C^acltar^e 
V Onput-Ou^t) 


: :: Insi^atfon 

ieaicaseCurrai^t 


/ Onput-ltiputl I Rt4 


/'- ;Ce^ltanca 
: Hnput-Inpiit) 






V 


mV/^C 

t|s**16mA 



pF ; 

. 


4B% Humidity, t * 5 s 

V|^ « aCKlOVcIc, Ta * 26°C 


« SOOVdc 

■, pF ' ' 



45 ^ Helativs Humidity, t * 6 ;$ 



pF,/' J 




**All typicals at 25 G. 

Switching Specifications at Ta=25°c Vcc = 5V, Ip = 16mA, unless otherwise specified 


Propagation Pday 
Time to t^glc JLow 
lit Output ;-''V,'', 

Propa^ion Oetay 

Rl0h, 

at -;-■ 



Commpd IiflpdfTrffi- : 

1B30 

mmt Ifili^nity »t Logic 

CMh -- 

: Higti LM du^ut 

2531 

Goii^p« iyipd«'tfa«- 

2630 

sieut ImuHloltV at Logib 

,CWt' —^— 

;; Low'l^aLtHiipUt- ■ / ' 

2531 


m 


units 

Tost Conditions 

' m 

Bt*4,1kin! 

m 


m 

Rt“4.1ka 



Vfus 

if «dmA,Rt*4.1 kO,VcM*‘10Vp.p 

Vim 

1 ft^Om A, B i,**1 VcM“1 t^Vp-p 

Vfltt 

Vcw-10Vp.p,Ru>4.1kn 

vfm 

VcM“10Vp^„RL-1.9kn 

MHz 




10 9,10,11 


tyiOTES: 

1. Derate linearly above 70°C free-air temperature at a rate of 0.8mA/°C.' 

2. Derate linearly above 70°C free-air temperature at a rate of 1.6mA/°C. 

3. Derate linearly above 70°C free-air temperature at a rate of 0.9mW/°C. 

4. Derate linearly above 70°C free-air temperature at a rate of 1.0mW/°C. 

5. Each channel. 

6. CURRENT TRANSFER RATIO is defined as the ratio of output collector 
current, Iq# to the forward LED input current. Ip, times 100%. 

7. Device considered a two-terminal device: Pins 1,2,3, and 4 shorted 
together and Pins 5,6, 7, and 8 shorted together. 


8. Measured between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together. 


11. The 4.1 kn load represents 1 LSTTL unit 
load of 0.36mA and 6.1 kn pull-up resistor. 


9. Common mode transient immunity in Logic High level is the maximum 12. The frequency at which the ac output 


tolerable (positive) dVciy/|/dt on the leading edge of the common mode 
pulse Vqm. assure that the output will remain in a Logic High state 
(i.e., Vq > 2.0V). Common mode transient immunity in Logic Low 
level is the maximum tolerable (negative) dVcM^^^l on the trailing 
edge of the common mode pulse signal, VcM. ^o assure that the output 
will remain in a Logic Low state {i.e., Vq < 0.8V). 

10. The 1.9kn load represents 1 TTL unit load of 1.6mA and the 5.6kr2 
pull-up resistor. 


voltage is 3dB below the low 
frequency asymptote. 


OPTO- 

COUPLERS 




































































































Ta =25X 
Vcc-S^OV 







, 

«« HCPi-253d 

HCPL-2631 


ft 

N 

NORMALIZED 

Ip «• 16mA 
«6.4 V 

Vcc-SV 

-25X 





Vo - OUTPUT VOLTAGE - V 

Figure 1. DC and Pulsed Transfer Characteristics. 


Ip - INPUT CURRENT-mA 

Figure 2. Current Transfer Ratio vs. Input Current. 



1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 

V>: -FORWARD VOLTAGE-V 

Figure 3. Input Current vs. Forward Voltage. 


-HCPL-2530 — 

-HCPt253t 

NORMALIZED 
--Ip * 16mA - 
Vq »0,4V 

-Vcc-5V , - 

► T. = 25X 


-60 -40 -20 0 20 40 60 80 100 120 1 

T^ -TEMPERATURE-°C 

Figure 4. Current Transfer Ratio vs. Temperature. 


r..TJZ, '’2S30 (Rl « 41 kH) _ 
^ *2631 {Rl “ 


Ttpiw tpHt., 

- 




0 -40 -20 0 20 40 60 80 100 

T. - TEMPERATURE - C° 



0 +25 +50 +75 +1C 

Ta - TEMPERATURE - C° 


Figure 5. Propagation Delay vs. Temperature. 


Figure 6. Logic High Output Current vs. Temperature. 
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SMALL SIGNAL CURRENT TRANSFER RATIO 
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HEWLETT 

PACKARD 


LSTTL/TTL 


COMPATIBLE 

6N137 

OPTOCOUPLER 



TECHNICAL DATA MARCH 1980 



Figure 1. 

Features 


• LSTTL/TTL COMPATIBLE: 5V SUPPLY 

• ULTRA HIGH SPEED 

• LOW INPUT CURRENT REQUIRED 

• HIGH COMMON MODE REJECTION 

• GUARANTEED PERFORMANCE OVER 
TEMPERATURE 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES, INC. (FILE NO. E55361) 

• 3000 Vdc WITHSTAND TEST VOLTAGE 

Description Appiications 

The 6N137 consists of a GaAsP photon emitting diode 
and a unique integrated detector. The photons are collected 
in the detector by a photodiode and then amplified by a high 
gain linear amplifier that drives a Schottky clamped open 
collector output transistor. The circuit is temperature, 
current and voltage compensated. 

This unique isolator design provides maximum DC and AC 
circuit isolation between input and output while achieving 
LSTTL/TTL circuit compatibility. The isolator operational 
parameters are guaranteed from 0®C to 70®C, such that a 
minimum input current of 5mA will sink an eight gate fan-out 
(13mA) at the output with 5 volt Vcc applied to the detector. 
This isolation and coupling is achieved with a typical 
propagation delay of 45ns. The enable input provides 
gating of,.the detector with input sinking and sourcing 
requirements compatible with LSTTL/TTL interfacing and a 
propagation delay of 25ns typical. 

The 6N137 can be used in high speed digital interfacing 
applications where common mode signals must be rejected, 
such as for a line receiver and digital programming of floating 
power supplies, motors, and other machine control systems. 
The elimination of ground loops can be accomplished 
in system interfaces such as between a computer and a 
peripheral memory, printer, controller, etc. 

The open collector output provides capability for bussing, 
OR’ing and strobing. 


OUTLINE DRAWING* 



Recommended Operating 



Absolute Maximum Ratings* 

(No derating required up to 70®C) 

Storage Temperature . -55®Cto+125®C 

Operating Temperature . 0®Cto+70®C 

Lead Solder Temperature . 260°Cfor10s 

(1.6mm below seating plane) 
Peak Forward Input ^ 

Current . 40mA (1< 1msec Duration) 

Average Forward Input Current . 20mA 

Reverse Input Voltage .. 5V 

Enable Input Voltage . 5.5V 

(Not to exceed Vcc by more than 500mV) 

Supply Voltage-Vcc . 7V (1 Minute Maximum) 

Output Current - lo . 50mA 

OutputCollector Power Dissipation . 85mW 

Output Voltage-Vo . 7V 

**6.3mA condition permits at least 20% CTR degradation 
guardband. Initial switching threshold is 5mA or less. 


^JEDEC Registered Data. 


54 


















Electrical Characteristics 

OVER RECOMMENDED TEMPERATURE (Ta = 0°C TO 70°C) UNLESS OTHERWISE NOTED 


Parameter 

Symbol 

Min. 

Typ^^ 

l^ax. 

Unit$ 


figiife 

Note 

High Level Output Current 

•oh* 


50 

250 

M 

Vcc=5.5V, Vo-6.5V.:' 



Low Level Output Voltage 

VoL* 


0.6- 

0*6 

V . 

V6„-a.w; 

•ot^ (SnWngl;*-! ; 



High Level Enable Current 

•eh 




mA 




Low Level Enable Current 

Jel"" 


-1.0- ' 

-2*0 

mA 




High Level Supply Current 

JCCH* 


'■:7 ' 

.16 

V mA 




Low Level Supply 

^CCL* 



18 





Irrput^Output Insulation 
Leakage Current 

•l-O* 



■r:m • 


''R^lbVe 

Vi*073TOVi^c; 



Resistance (Input-Output) 



10>2 


n 



6 , 

Capacitance (Input-Output) 

Q-o 


0.6 



4v^:;# 1MH4^-25'^C;: ■',l,V 


,5 , 

Input Forward Voltage 

Vf* 

[ 

1.6 

tjB ; 


;r:;'fiB-l0niA,'TA=25°C' ^ ^ 

.,-4' 


Input Reverse Breakdown 
Voltage 

BVr* 

5 




Ta=25"C 




Input Capacitance 



60 



Vf:»0, WMHz 



Current Transfer Ratio 

CTR 

! 

700 


% 

lf:*6.0mA, R^-IPOO 

2 

7 


**AII typical values are at Vqc ~ 5V, = 25° C 


Switching Characteristics at Ta= 25°C , Vcc=5V 


Parameter 

Symbol 

Min. 

Typ. 

Max* 

Units : 

Test Conditions 

Figure 

Note 

Propagation Delay Time to 
High Output Level 

Ipl.h'' 

* 

45 

75 

ns 

Rt.«30a Ct«15pF, 
tf:»7.5rhA 

7,9 

1 

Propagation Delay Time to 
Low Output Level 

^PHL* 


45 

75 

, ' 'ns' ■ , 

RL=3Ma Cl» 15PF, 
rF“7i5mA 

7,9 

2 

Output Rise-Fall Time 
(10-90%) 

tr* tf 


25 


' ns' 

;Rt,«350a Ct~15pF, 



Propagation Delay Time of 
Enable from Vgn Vg{_ 

tELH 


25 


ns 

> Rt.^3^a€t«16pE.:: 
lE^7*5mA;VEH*'3.0V; 

, VEt«0.5V ;< 

a 

3 

Propagation Delay Time of 
Enable from Vgt to Veh 

tEHL 


T5'’ 

i 

ns 

Rt^ssoa, C^«15pF, 
lE**7.5niA VeH*3.0y, 
VEt-0*6V 

8 

4 

O^mmon Mode Transient 
Immunity at Logic High 
Output Level 

CMh 


50 

i 


v/ps 

VcM=10V Ri.=350a 
Vo{min.)«2V, Ip^OmA j 

11 

. '' ' 

6 

Common Mode Transient 
Immunity at Logic Low 
Output Level 

CMt 


-150 1 


v/jus 

Vcjy{=*^10V Rt^360a 
%(max.)-0.8V* 
lf;*5mA 1 

11 

6 
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Operating Procedures and Definitions 


Logic Convention. The 6N137 is defined in terms of positive 
logic. 

Bypassing. A ceramic capacitor (.01 to O.I/liF) should be con¬ 
nected from pin 8 to pin 5 (Figure 12). its purpose is to stab¬ 
ilize the operation of the high gain linear amplifier. Failure to 
provide the bypassing may impair the switching properties. The 
total lead length between capacitor and coupler should not ex¬ 
ceed 20mm. 

Polarities. All voltages are referenced to network ground (pin 
5). Current flowing toward a terminal is considered positive. 
Enable Input. No external pull-up required for a logic (1), i.e., 
can be open circuit. 



















Ta « 

25®C 









n 

,If 

1mA i 



, 







TEPS 


1 










t 













3mA 







.. p—' 





MAX. DC 








RATING 



Vo - COLLECTOR VOLTAGE - V 

Note: Dashed characteristics — denote pulsed operation only. 


CURVE 
TRACER - 
TERMINALS 



Figure 2. Optocoupler Collector Characteristics. 


> 


C3 

< 


o 

o 



If - INPUT DIODE FORWARD CURRENT - mA 



NOTES: 

1. The tpLH propagation delay is measured from the 3.75mA point on the trailing 
edge of the input pulse to the 1.5V point on the trailing edge of the output pulse. 

2. The tpHL propagation delay is measured from the 3.75mA point on the leading 
edge of the input pulse to 1.5V point on the leading edge of the output pulse. 

3. The tELH enable propagation delay is measured from the 1.5V point of the trailing 
edge of the input pulse to the 1.5V point on the trailing edge of the output pulse. 

4. The tEHL enable propagation delay is measured from the 1.5V point on the 
leading edge of the input pulse to the 1.5V point on the leading edge of the 
output pulse. 

5. Device considered a two terminal device: pins 2 and 3 shorted together, and 
pins 5, 6, 7, and 8 shorted together. 

6. Common mode transient immunity in Logic High level is the maximum tolerable 
(positive) dVcM/dt on the leading edge of the common mode pulse, Vcmi to 
assure that the output will remain in a Logic High state (i.e., Vo>2.0V). Common 
mode transient immunity in Logic Low level is the maximum tolerable 
(negative) dVcM/dt on the trailing edge of the common mode pulse signal, Vcm. 
to assure that the output will remain in a Logic Low state (i.e., Vo<0.8V). 

7. DC Current Transfer Ratio is defined as the ratio of the output collector current 
to the forward bias input current times 100%. 

8. At 10mA Vf decreases with increasing temperature at the rate of 1.6mV/®C. 



Vf ■ INPUT FORWARD VOLTAGE - V 
Figure 4. Input Diode Forward Characteristic. 



Figure 5. Output Voltage, Vql vs. Temperature and Fan-Out. 
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OUTPUT Vo 

MONITORING 

NODE 


probe and stray wiring capacitance. 


r-350mV (If = 7.5mA) 

-V -17')mV (If = 3.75mA) 


Figure 7. Test Circuit for tpuL fPLH.* 


«L 






— 

— 

J 

Lid 




i _ 





Ifh - PULSE INPUT CURRENT - mA 

Figure 9. Propagation Delay, tpp||_ and tp|_H 
vs. Pulse Input Current, IpH. 


"=^0% iO^PV, tf = 55ns 


SWITCH AT A; Ip = 0mA 


SWITCH AT B; If= 5mA 


INPUT Ve 

MONITORING NODE 



OUTPUT Vo 

MONITORING 

NODE 


probe and stray wiring capacitance. 


Figure 8. Test Circuit for t£|_H and t^HL- 


iTl BYPASS > 470i2 


toL = 50ns (delay in response to 
J logic High Level input) 

—j-^i - toH = 20ns (delay in response to logic Low Level input) 

Figure 10. Response Delay Between TTL Gates. 



Figure 11. Test Circuit for Transient Immunity and Typical Waveforms. 
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OUTLINE DRAWING 


TRUTH TABLE 

(Positive Logic) 


inpot 

EitAbie 

Output 

H 

H 

L 

L 

H 

H 

H 

t 

H 

L 

l; 

M 


A 0.01 TO 0.1 mF bypass CAPACITOR 
MUST BE CONNECTED BETWEEN 
PINS 8 AND 5 (See Notel). 

Figure 1. Schematic. 


Features 

• INTERNAL SHIELD FOR HIGH COMMON 
MODE REJECTION (CMR) 

• HIGH SPEED 

• GUARANTEED MINIMUM COMMON MODE 
TRANSIENT IMMUNITY: 1000V/^s 

• LSTTL/TTL COMPATIBLE 

• LOW INPUT CURRENT REQUIRED: 5mA 

• GUARANTEED PERFORMANCE OVER TEM¬ 
PERATURE: 0°C to 70°C 

• STROBABLE OUTPUT 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS LABORA¬ 
TORIES, INC. (FILE NO. E55361) 

• 3000 Vdc WITHSTAND TEST VOLTAGE 


Description 


The HCPL-2601 optically coupled gate combines a GaAsP 
light emitting diode and an integrated high gain photon 
detector. An enable input allows the detector to be 
strobed. The output of the detector I.C. is an open 
collector Schottky clamped transistor. The internal shield 
provides a guaranteed common mode transient Immunity 
specification of 1000 volts/^sec., equivalent to rejecting a 
300 volt P-P sinusoid at 1 MHz. 

This unique design provides maximum D.C. and A.C. 
circuit isolation while achieving TTL compatibility. The 
isolator D.C. operational parameters are guaranteed from 
0°C to 70°C allowing troublefree system performance. 
This isolation is achieved with a typical propagation delay 
of 35 nsec. 

The HCPL-2601’s are suitable for high speed logic 
Interfacing, input/output buffering, as line receivers in 
environments that conventional line receivers cannot 
tolerate and are recommended for use In extremely high 
ground or Induced noise environments. 


R^COCNrWN 
. t €0 MAH/ ■' 








f; L_: 

Applications 

• Isolated Line Receiver 

• Simplex/Multiplex Data Transmission 

• Computer-Peripheral Interface 

• Microprocessor System Interface 

• Digital Isolation for A/D, D/A Conversion 

• Switching Power Supply 

• Instrument Input/Output Isolation 

• Ground Loop Elimination 

• Pulse Transformer Replacement 

Recommended operating 
Conditions j sym. Imn. | Max. I I 

Input Current, Low Level Ifl 0 260 

_ Input Current, High Level Ifh 6.3* y TS . 

Supply Voltage, Output Vcc 4,6 6.5 


Sym. 

Mia 

Max, 

Units 

Ifl 

0 

260 


Ifh 

6.3* 

v16' 

hiA 

Vcc 

4,5 

6.5 

' 'V ^ 

Veh 

2.0 

Vec 

V y ", 

Vel. 

0 

QS 

V 

N 


y S _ ^ 


Ta 

0 

70 



Fan Out (TTL Load) _ > 8- ' - ' ■ 

Operating Temperature Ta 0 70 °C 

Absolute Maximum Ratings 

(No Derating Required up to 70°C) 

Storage Temperature . -55°Cto+125°C 

Operating Temperature . 0°Cto+70°C 

Lead Solder Temperature . 260°Cfor10S 

(1.6mm below seating plane) 

Forward Input Current - If (see Note 2). 20 mA 

Reverse Input Voltage . 5V 

Supply Voltage -Vcc .7V (1 Minute Maximum) 

Enable Input Voltage -Ve . 5.5V 

(Not to exceed Vcc by more than 500 mV) 

Output Collector Current -lo .. 25 mA 

Output Collector Power Dissipation ... 40 mW 

OutputCollector Voltage- Vo . 7V 


*6.3mA condition permits at least 20% CTR degradation guardband. Initial switching threshold is 5mA or less. 
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Electrical Characteristics 

(Over Recommended Temperature, = 0°Cto +70°C, Unless Otherwise Noted) 




Outpot Current 




(oh 



inpul-Cutpyt Insulation 
Current 


Resistance (Input-Output) 


Capacitance (Input-Output) 


*AII typical values are at Vcc = 5V, Ta = 25° C. 


Unl^ 

TM Conditions 


Vcc = 5;5V, Vo = S5V, 
If*2S0M.Ve-20V 

’ v'.-V -'R' 

V<k:> 5 5V, If ' 5 mX 

V. 

lot (SlnWng) * 13 mA 

'mAv 

' Voc' * 6.6V,J r: ® O 4 

^Ve«-0.5;;V^'.. 


mA, 

:V^K0i5,V.\;'vv/; 

''.;'mA'-:.^ 

Vcc = s.s V, Wb = 0;5 V 




If *10 mA, Ta 25^0 


.lH'^,10-.^A.TA~'2rC 


pF ¥F=^P,f«1 MHz 


mV/^C fF*10inA 


Relative Humidity = 45% 
TA«.2"5**C;t = 5s, ' 

Vi~o = 3CK)0 Vdc 


Figure Note 


2 . 





Switching Characteristics = 25° C, Vcc = 5V) 


Parenteter 


propagation Oelay Time to 
Hl^lt; Output level 


Rropl^atlpn peiay Time to 
tow Output tevet 


Output J^ise ftme 


Output Fall f ime (00~10%) 


Propagatlen Delay Time of 
EnaPle irom Veh to Vel 


ProplgaUdn Delay Tim of 
lEnaiile from Vel to Vek 


Common Mode 
Transient Imipunity 
at High Output Level 


Common Mode 
tranelent immunity 
at LOW Output Level 


SymOol 


tpLH 




Test Conditions {Figure | Note 

Rl == 360 n 
Cl>==16pF 
If ~ 7.5 mA 


Rt«350 a Cl^ IS pF, 
lF«7,6mA,VEH =^3V, 
Vel = 0 V 


Rt ~ 350 O, Cl = 15 pF, 
If - 7.5 mA, Veh 3 V, 
Vel ^ 0 V 

VcM ==« 50 V (peak), 

Vo (min.) -2 V, 

Rl - 350 a If - 0 mA 

VcM ^ 50 V (peak), 

Vo (max.) ^ 0.8 V, 

Rt ===360 a ip -^ t5 mA 
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NOTES: 

1. Bypassing of the power supply line is required, with a 0.01 nF ceramic 
disc capacitor adjacent to each isolator as illustrated in Figure 15. The 
power supply bus for the isolator(s) should be separate from the bus for 
any active loads, otherwise a larger value of bypass capacitor (up to 0.1 
fxF) may be needed to suppress regenerative feedback via the power 
supply. 

2. Peaking circuits may produce transient input currents up to 50 mA, 50 
ns maximum pulse width, provided average current does not exceed 20 
mA. 

3. Device considered a two terminal device; pins 1, 2, 3 and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 

4. The tpLH propagation delay is measured from the 3.75 mA point on the 
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 
the output pulse. 

5. The tpHL propagation delay is measured from the 3.75 mA point on the 
leading edge of the input pulse to the 1.5V point on the leading edge of 
the output pulse. 


6. The tELH enable propagation delay is measured from the 1.5 V point on 
the trailing edge of the enable input pulse to the 1.5 V point on the 
trailing edge of the output pulse. 

7. The tEHL enable propagation delay is measured from the 1.5 V point on 
the leading edge of the enable input pulse to the 1.5 V point on the 
leading edge of the output pulse. 

8. CMh is the maximum tolerable rate of rise of the common mode voltage 
to assure that the output will remain in a high logic state (i.e., Vout 
>2.0 V), 

9. CMl is the maximum tolerable rate of fall of the common mode voltage 
to assure that the output will remain in a low logic state (i.e., Vout <0.8 
V). 

10. For sinusoidal voltages, / jdvcMlX 

-- = rrfcMVcM (p-p) 

V d. ; 

11. No external pull up is required for a high logic state on the enable input. 



Figure 2. High Level Output Current Figure 3. Low Level Output Voltage Figure 4. Input Diode Forward 


vs. Temperature. vs. Temperature. Characteristic. 



Figures. Output Voltage vs. Forward Figure 6. Test Circuit for and tpi^H- Figure 7. Propagation Delay vs. 


Input Current. Temperature. 
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RISE, FALL TIME-ns 



I_ J Monitoring Node 

7.5mA |r. 


-3.0V 

V-,.5v 


6 8 10 12 14 16 18 20 

Ip - PULSE INPUT CURRENT - mA 

Figure 8. Propagation Deiay vs. Pulse 
Input Current. 


r-/-15V 


Figure 9. Test Circuit for t^HL teLH- 


. 


0 ” iM 

ol ■:-:.l .1-'b 

0 10 20 30 40 50 60 

Ta - TEMPERATURE-“C 


Figure 10. Enable Propagation Delay 
vs. Temperature. 


Vcc-SaOV 

1901 —, « 7.5mA 


~1 





Ikli , 




3son 

r"' 


350a 




.R,_ « 350a., 


BYPASS] Output Vq 


0 10 20 30 40 50 60 70 

T^ - TEMPERATURE - °C 

Figure 11. Rise, Fall Time vs. 
Temperature. 


Vcc- s,ov 

-Vq„*2.0V - 

Voi.= 0.8 V 
* 7.5 mA“ 
W = OraA 


HP 1900A 
PULSE GEN. 

Zo = son 

y—-BOV 

SWITCH AT A: Ip = 0 

-- ^ - 

^ -Vq (min.) 

SWITCH AT B: Ip = 7.5 mA 

r\ -Vq (max.) 
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“Vqh," 

-R4"« 
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VcM - COMMON MODE 
TRANSIENT AMPLITUDE - V 


Figure 12. Test Circuit for Common Mode Figure 13. Common Mode Transient 


Transient Immunity and 
Typical Waveforms. 


Immunity vs. Common 
Mode Transient Amplitude. 


^ GND BUS (BACK) 


0 10 20 30 40 50 60 70 

T^ - TEMPERATURE-°C 

Figure 14. Relative Common Mode 
Transient Immunity vs. 
Temperature. 




Figure 15. Recommended Printed Circuit 
Board Layout. 


61 


OPTO- 

COUPLERS 














m 


HEWLETT 

PACKARD 


HIGHCMR 


LINE RECEIVER 
OPTOCOUPLER 

HCPL-2602 


TECHNICAL DATA MARCH 1980 



Features 


• LINE TERMINATION INCLUDED — NO EXTRA CIRCUITRY 
REQUIRED 

• ACCEPTS A BROAD RANGE OF DRIVE CONDITIONS 

• GUARDBANDED FOR LED DEGRADATION 

• LED PROTECTION MINIMIZES LED EFFICIENCY 
DEGRADATION 

• HIGH SPEED — lOMbs (LIMITED BY TRANSMISSION LINE 
IN MANY APPLICATIONS) 

• INTERNAL SHIELD PROVIDES EXCELLENT COMMON 
MODE REJECTION 

• EXTERNAL BASE LEAD ALLOWS “LED PEAKING” AND 
LED CURRENT ADJUSTMENT 


OUTLINE DRAWING 



Applications 

• Isolated Line Receiver 

• Simplex/Multiplex Data Transmission 

• Computer-Peripheral Interface 

• Microprocessor System Interface 

• Digital Isolation for A/D, D/A Conversion 

• Current Sensing 

• Instrument Input/Output Isolation 


• 3000 Vdc WITHSTAND TEST VOLTAGE 

• RECOGNIZED UNDER THE COMPONENT PROGRAM OF 
UNDERWRITERS LABORATORIES, INC. (FILE NO. E55361) 

Description 

The HCPL-2602 optically coupled line receiver combines a GaAsP light emitting diode, an input current regulator and an 
integrated high gain photon detector. The Input regulator serves as a line termination for line receiver applications. It 
clamps the line voltage and regulates the LED current so line rejections do not interfere with circuit performance. 

The regulator allows a typical LED current of 8.5 mA before It starts to shunt excess current. The output of the detector 1C 
is an open collector Schottky clamped transistor. An enable input gates the detector. The Internal detector shield 
provides a guaranteed common mode transient immunity specification of 1 GOOV/psec, equivalent to rejecting a 300V P-P 
sinusoid at 1 MHz. 

DC specifications are defined similar to TTL logic and are guaranteed from 0° C to 70° C allowing trouble free Interfacing 
with digital logic circuits. An input current of 5 mA will sink an eight gate fan-out (TTL) at the output with a typical 
propagation delay from input to output of only 45 nsec. 

The HCPL-2602’s are useful as line receivers in high noise environments that conventional line receivers cannot tolerate. 
The higher LED threshold voltage provides improved immunity to differential noise and the internally shielded detector 
provides orders of magnitude improvement in common mode rejection with little or no sacrifice in speed. 


• Ground Loop Elimination 

• Pulse Transformer Replacement 
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Electrical Characteristics 


(Over Recommended Temperature, Ta = 0°C to +70® C, Unless Otherwise Noted) 


Parameter 

Symbol 

liftifii 

.'TyP'*, 

l^ax. 



figure 

Note 

High Level Output Current 

bn 








Low Level Output Voltage 

V6l 





-«oi (SJ<^ln9M3'M'"‘ 

aj 

' 2 

Input Voltage 





lilii' 








a , 


Input Reverse Voltage 

Vr\ r;: 








Low Level Enable Current 

Iel 








High Level Enable Current 






. 

.V . 


High Level Enable Voltage 


2.0 







Low Level Enable Voltage 

Vet 





\ -'.r^ >' ■ *’"?'■* ^ "'’I - 

:i5V . ,7''* 


High Level Supply Current 

>CCH 


10 

>;16|g 


;v^siw»4j4. ":' 



Low Level Supply Current 

fcCL 


16 



;;'a^'»SiW;#e0 .m&s 



Input Capacitance 

Qn 


90 


pF/’^ 




lnpu^Output Insulation 
Leakage Current 

Imd ' 



1 


Relative Humldity«46% 

■' ' 1 

1 

3 

Resistance (Input-Output) 

Ri«0 


10^2 





3 

Capacitance (Input-Output) 

C|^o 


0.6 





3 


*AII typical values are at N/qq = 5V, Ta = 25° C. 


Switching Characteristics 

(Ta = 25°C, Vcc = 5V) 


Parameter 

Symbol 

Min. 

Typ. 



Ti^ Comiltions 

Figure 

Note 

Propagation Delay Time to 
High Output Level 

tpLH 


45 

75 

r'/ hS'''V'': 

T/''iiIi!£350'aUV'^^ 

Cl ** 15 pF 
l|^ 7.5 mA 

6 

4 

Propagation Delay Time to 
Low Output Level 

tPHL 


45 


ns';/' 


5 

Output Rise Time (10-90%) 

tr 


25 


' 'ns'/' 



Output Fall Time (90-10%) 

tf 


IS 


ns 



Propagation Delay Time of 
Enable from Veh to Vel 

tELH 


25 


ns 

Rt%»aCL*15br. 

l|-7.5mA,VEM*3V, 

o Vm ^ 

to 

B 

Propagation Delay Time of 
Enable from Vee to Veh 

tEHL 


15 


ns 

10 

7;;, , 

Common Mode 

Transient Immunity 
at High Output Level 

CMh 

1000 

10,000 


V/ius 

VcM=B0V(peak), 

Vo (min>2V, 
Ri.«350n, t|»0 mA 

t2 

/8 /' 

Common Mode 

Transient Immunity 
at Low Output Level 

CMl 

-1000 

-10,000 


/V(te':" 

y (F^k), 

Rt=350a l|»7.5mA 

12 

9 







using the HCPL-2602 
Line Receiver Optocoupler 

The primary objectives to fuifiii when connecting an 
optocoupier to a transmission iine are to provide a 
minimum, but not excessive, LED current and to properiy 
terminate the line. The internal regulator in the HCPL- 
2602 simplifies this task. Excess current from variable 
drive conditions such as iine length variations, iine driver 
differences and power supply fluctuations are shunted by 
the regulator. In fact, with the LED current regulated, the 
line current can be increased to improve the immunity of 
the system to differential-mode-noise and to enhance the 
data rate capability. The designer must keep In mind the 
60 mA input current maximum rating of the HCPL-2602, 
in such cases, and may need to use series limiting or 
shunting to prevent overstress. 

Design of the termination circuit Is also simplified; in most 
cases the transmission line can simply be connected 
directly to the input terminals of the HCPL-2602 without 
the need for additional series or shunt resistors. If 
reversing line drive is used it may be desirable to use two 
HCPL-2602’s, or an external Schottky diode to optimize 
data rate. 

Polarity Non-Reversing Drive 

High data rates can be obtained with the HCPL-2602 with 
polarity non-reversing drive. Figure (a) illustrates how a 
74S140 line driver can be used with the HCPL-2602 and 
shielded, twisted pair or coax cable without any additional 
components. There are some reflections due to the “active 
termination” but they do not interfere with circuit 
performance because the regulator clamps the line 
voltage. At longer line lengths tp(_H increases faster than 
tpHL since the switching threshold is not exactly halfway 
between asymptotic line conditions. If optimum data rate 
is desired, a series resistor and peaking capacitor can be 
used to equalize tpLH ai^cl tpHL- In general, the peaking 
capacitance should be as large as possible; however, if it is 
too large it may keep the regulator from achieving turn-off 
during the negative (or zero) excursions of the input 
signal. A safe rule: 

makeC^iet 

where C = peaking capacitance in picofarads 
t = data bit interval in nanoseconds 

Polarity Reversing Drive 

A single HCPL-2602 can also be used with polarity 
reversing drive (Figure b). Current reversal is obtained by 
way of the substrate isolation diode (substrate to 
collector). Some reduction of data rate occurs, however, 
because the substrate diode stores charge, which must be 
removed when the current changes to the forward 


direction. The effect of this is a longer tpHL- This effect can 
be eliminated and data rate Improved considerably by use 
of a Schottky diode on the Input of the HCPL-2602. 

For optimum noise rejection as well as balanced delays a 
split-phase termination should be used along with a flip- 
flop at the output (Figure c). The result of current reversal 
in split-phase operation is seen in Figure (c) with switches 
A and B both OPEN. The coupler inputs are then con¬ 
nected In ANTI-SERIES; however, because of the higher 
steady-state termination voltage, in comparison to the 
single HCPL-2602 termination, the forward current in 
the substrate diode is lower and consequently there 
is less junction charge to deal with when switching. 

Closing switch B with A open is done mainly to enhance 
common mode rejection, but also reduces propagation 
delay slightly because line-to-line capacitance offers a 
slight peaking effect. With switches A and B both 
CLOSED, the shield acts as a current return path which 
prevents either input substrate diode from becoming 
reversed biased. Thus the data rate is optimized as shown 
in Figure (c). 

Improved Noise Rejection 

Use of additional logic at the output of two HCPL-2602’s 
operated in the split phase termination, will greatly 
improve system noise rejection in addition to balancing 
propagation delays as discussed earlier. 

A NAND flip-flop offers infinite common mode rejection 
(CMR) for NEGATIVELYsloped common mode transients 
but requires tpHL>fpLH proper operation. A NOR flip- 
flop has infinite CMR for POSITIVELY sloped transients 
but requires tpHt < tpLH for proper operation. An 
exclusive-OR flip-flop has infinite CMR for common mode 
transients of EITHER polarity and operates with either 
^PHL > tpLH O'' VhL <tpLH- 

With the line driver and transmission line shown in Figure 
(c), tpHL> tpLH> SO NAND gates are preferred in the R-S 
flip-flop. A higher drive amplitude or different circuit 
configuration could make tpHL<fpLH«'''' which case NOR 
gates would be preferred. If it is not known whether tpHL> 
tpLH or tpHL<tpLH- or if the drive conditions may vary over 
the boundary for these conditions, the exclusive-OR flip- 
flop of Figure (d) should be used. 

RS-422 and RS-423 

Line drivers designed for RS-422 and RS-423 generally 
provide adequate voltage and current for operating th§ 
HCPL-2602. Most drivers also have characteristics 
allowing the HCPL-2602 to be connected directly to the 
driver terminals. Worst case drive conditions, however, 
would require current shunting to prevent overstress of 
the HCPL-2602. 
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Figure a. Polarity Non-Reversing. 



Figure b. Polarity Reversing, Single Ended. 



Figure c. Polarity Reversing, Split Phase. 



NAND FLIP FLOP 



Figure d. Flip Flop Configurations. 


EXCLUSIVE-OR 



NAND flip flop tolerates 
simultaneously HIGH 
inputs; NOR flip flop 
tolerates simultaneously 
LOW inputs; EXCLUSIVE- 
OR flip flop tolerates 
simultaneously HIGH OR 
LOW inputs without 
causing either of the 
outputs to change. 


c 
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Recommended operating 
Conditions 


Syirt I I Mair. 


Oltffient.. LoW' Level 



^50 ^ 


-Curreritv High -.Level,: 





Veitage, Output 





Enable Voltage 





Enable Voltage 





'(TtLLo^) ' 

N 




Temperature - 

Ta 

0 

70 



NOTES: 

1. Bypassing of the power supply line is required, with a 0.01 fxF ceramic 
disc capacitor adjacent to each isolator as illustrated in Figure 15. The 
power supply bus for the isolator(s) should be separate from the bus for 
any active loads, otherwise a larger value of bypass capacitor (up to 0.1 
/uF) may be needed to suppress regenerative feedback via the power 
supply. 

2. The HCPL-2602 is tested such that operation at l| minimum of 5 rhA will 
provide the user a minimum of 20% guardband for LED light output 
degradation. 

3. Device considered a two terminal device: pins 1, 2, 3 and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 

4. The tpi.H propagation delay is measured from the 3.75 mA point on the 
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 
the output pulse. 

5. The tpHL propagation delay is measured from the 3.75 mA point on the 
leading edge of the input pulse to the 1.5V point on the leading edge of 
the output pulse. 


Absolute Maximum Ratings 

Storage Temperature . -55° C to+125° C 

Operating Temperature . 0°C to+70°C 

Lead Solder Temperature . 260° C for 10 s 

(1.6mm below seating plane) 

Forward Input Current —Ij . 60 mA 

Reverse Input Current . 60 mA 

Supply Voltage-Vcc .7V (1 Minute Maximum) 

Enabie input Voltage -Ve . 5.5 V 

(Not to exceed Vcc by more than 500 mV) 

Output Collector Current-lo . 25 mA 

OutputCollector Power Dissipation .. 40 mW 

OutputCollectorVoltage-Vo . 7V 

Input Current, Pin 4 . ±10 mA 


6. The tj-i.H enable propagation delay is measured from the 1.5 V point on 
the trailing edge of the enable input pulse to the 1.5 V point on the 
trailing edge of the output pulse. 

7. The ti-Hi. enable propagation delay is measured from the 1.5 V point on 
the leading edge of the enable input pulse to the 1.5 V point on the 
leading edge of the output pulse. 

8. CMh is the maximum tolerable rate of rise of the common mode voltage 
to assure that the output will remain in a high logic state (i.e., Voi i 
>2.0 V). 

9. CM|. is the maximum tolerable rate of fall of the common mode voltage 
to assure that the output will remain in a low logic state (i.e., Voi r <0.8 
V). 

10. For sinusoidal voltages, (|dvc m| \ 

I-1 = n-fciviVcM (P-P) 

V dt J max 

11. No external pull up is required for a high logic state on the enable input. 




Rl * ika/4ka 


0.2 . r: - -r 

; - Iq ' 

■ - ■ - 1 . ■ * ■■■■■■■— 

0 10 20 30 40 50 60 70 

- TEMPERATURE - °C 

Figure 5. Low Level Output Voltage 
vs. Temperature. 


-I| = 7.5 mA 

V_ __ I, = 3.75 mA 


Figure 6. Test Circuit for tp^i. and tp^n. 


Ri.,»,:jl50pi.. tkps'I 


0 10 20 30 40 50 60 

Ta - TEMPERATURE - “C 

Figure 7. Propagation Delay vs. 
Temperature. 
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V^«B.«V%/;'-tf'. 
>114 » 7,5 n»A tr 


:i 


> Input Ve 
M onitoring Node 



p-] 


C.IaF ? 


bypass] 



1_ 

pproximately 15 pF, which includes J, 


probe and stray wiring capacitance. 


10 20 30 40 50 60 

h - PULSE INPUT CURRENT - mA 

8. Propagation Delay vs. Pulse 
Input Current. 


0 10 20 30 40 50 60 70 

Ta - TEMPERATURE-°C 

Figure 9. Rise, Fall Time vs. 
Temperature. 


Figure 10. Test Circuit for t^^i^ and t£|_H. 


VfL “ 
h * 74l«tA 


. ; 

;* 366a tltnr4ka 


10 20 30 40 50 60 70 

T^ - TEMPERATURE - “C 

I 11. Enable Propagation Delay 
vs. Temperature. 


Vcc ^ 5.0 V 
““Vo„«2.0V - 
Vo^«0.8V 
" <l« * 7-6 mA - 
ijL * 0 mA 
_R, « 350n - 



HP1900A 
PULSE GEN. 
ZQ=50n 
r—\-50 V 


SWITCH AT B: I, = 7.5 mA 


I|I4 T-S nsA 
"lit » 0 ftiA 


VcM - COMMON MODE 
TRANSIENT AMPLITUDE - 


Figure 12. Test Circuit for Common Mode Figure 13. Common Mode Transient 


Transient Immunity and 
Typical Waveforms. 


Immunity vs. Common 
Mode Transient Amplitude. 


0 10 20 30 40 50 60 70 

T^ - TEMPERATURE-°C 

Figure 14. Relative Common Mode 
Transient Immunity vs. 
Temperature. 



ENABLE 
(IF USED) 


Figure 15. Recommended Printed Circuit 
Board Layout. 
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HEWLETT 

PACKARD 


DUALTTL 


COMPATIBLE 

HCPL-2630 

OPTOCOUPLER 



TECHN 1CAL DaYa MARCH 1980 



• HIGH DENSITY PACKAGING 

• DTL/TTL COMPATIBLE: 5V SUPPLY 

• ULTRA HIGH SPEED 

• LOW INPUT CURRENT REQUIRED 

• HIGH COMMON MODE REJECTION 

• GUARANTEED PERFORMANCE OVER 
TEMPERATURE 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES, INC. (FILE NO. E55361) 

• 3000Vdc WITHSTAND TEST VOLTAGE 

Description / Applications 

The HCPL-2630 consists of a pair of in verting optically coupled 
gates each with a GaAsP photon emitting diode and a unique 
integrated detector. The photons are collected In the detector 
by a photodiode and then amplified by a high gain linear amp¬ 
lifier that drives a Schottky clamped open collector output 
transistor. Each circuit is temperature, current and voltage com¬ 
pensated. 

This unique dual coupler design provides maximum DC and AC 
circuit isolation between each input and output while achieving 
DTL/TTL circuit compatibility. The coupler operational para¬ 
meters are guaranteed from 0°C to 70°C, such that a minimum 
input current of 5 mA in each channel will sink an eight gate 
fan-out (13 mA) at the output with 5 volt Vqc applied to the 
detector. This isolation and coupling is achieved with a typical 
propagation delay of 50 nsec. 

The HCPL-2630 can be used in high speed digital Interface ap¬ 
plications where common mode signals must be rejected such 
as for a line receiver and digital programming of floating power 
supplies, motors, and other machine control systems. The eli¬ 
mination of ground loops can be accomplished between system 
interfaces such as between a computer and a peripheral mem¬ 
ory, printer, controller, etc. 

The open collector output provides capability for bussing, 
strobing and "WIRED-OR” connection. In all applications, the 
dual channel configuration allows for high density packaging, 
increased convenience and more usable board space. 


OUTLINE DRAWING 



Recommended Operating 
Conditions 



%m- 

Mill. 

Max. 

Units 

Input Current, Low Level 
Each Channel 

iPL 

0 

250 

iUA 

Input Current, High Level 
Each Channel 

•fh 

6.3* 

15 

mA 

Supply Voltage, Output 

Vcc 

4.5 

5,5 

V 

Fan Out (TTL Load) 

Each Channel 1 

N 




Operating Temperature 

Ta 

0 

70 

"C 


Absolute Maximum Ratings 

(No derating required up to 70°C) 

Storage Temperature ... to +125°C 

Operating Temperature .. 0°C to +70°C 

Lead Solder Temperature.. 260°Cfor10s 

(1.6mm below seating plane) 

Peak Forward Input 

Current (each channel) ..... 30mA (< 1 msec Duration) 
Average Forward Input Current (each channel) ..... 15mA 

Reverse Input Voltage (each channel) .. 5V 

Supply Voltage - Vqc . 7V (1 Minute Maximum) 

Output Current - Iq (each channel) .. 16 mA 

Output Voltage - Vq (each channel) .... 7V 

Output Collector Power Dissipation .. 60 mW 

*6.3mA condition permits at least 20% CTR degradation guardband. 
initial switching threshold is 5mA or less. 
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Electrical Characteristics 

OVER RECOMMENDED TEMPERATURE (Ta 


PiMrmeter 


Lem 


Hi 9 h itvel SupFply Cwrr^t 


to^ Level Supply 


^ Input Output 
Imutstiph Leakage Current 

Resistance (Inpot’Output) 


C^pacitarice (InputOutput) 


input Fpiward Voltage 


tnput Reverse Breakdown 
;> Voltaic 


Input Capacitance 


input-In put Insulation 
Leakage Current 


Resistance (Input-Input) 


Capacitance (I npu t-1 nput) 


Current Transfer Ratio 


*AII typical values are at Vec “ 5V, T/^ = 25 C 


= 0°C TO 70°C) UNLESS OTHERWISE NOTED 


Test Conditions 


Vcc S.5V, Vo - 6»5V, 
lp«2S0/P\ 
Vcc*^5V,ip»5mA 
lot (Sinking) 


Vcc » 5.6V, Ip -0 
(Both Qt^nnels) 


Vcc Ip ® 10mA 

(Both Channe!$) 

Relative Humidity * 48% 
V|.o - aOOOVdc 


Vt.o *^500 V,Ta/* 25 C 
f= 1 MHz,Ta° 25°C 
lp = 10mA,TA°25°C 
Ir = lOuA, Ta = 25°C 


Vp =0,f= 1MHz 

Relative Humidity - 45%, 
t-5s, V|.(-500V 


Vt.| - 500V _ 

, f - 1MHz 

Ip - 5.0mA, Rl « t00^2 



Figure I Note 


"" '.3 ' 



Switching Characteristics at Ta=25°C,Vcc=5\/ 

^CH CHANNEL 


Typ. j ftfex. Units 


Farameter 

Symbol 

Fropagation Delay Time to 

High Output Level 

tFLH 

Fropagation Delay Time to 

Low Output Level 

tPHL 

Output Rise-Fall Time (10-90%) 

V.tf 

Common ^ode Transient 
Immunity at High Output Level 

CMh 

Common Mode Transient 
Immunity at Low Output Level 

CMt 



Test Conditions 


RL = 360n.CL = 15pF, 

Ip = 7.6mA 

6,7 

Rl = 350UCl = 15pF, 

Ip = 7.5mA 

6J 

Rl = 360 ft Cl = 15pF, 

Ip = 7.5mA 


VCM = lOVp.p, 

Rl = 350ft. 

Vo (min.) = 2V, Ip = 0mA 

9 

VCM - lOVp^p, 
Rl-350U 

Vq (max.) - 0.8V 

Ip * 7.5mA 

9 


NOTE: It is essential that a bypass capacitor (.OI/iiF to 0.1 /liF, ceramic) be connected from pin 8 to pin 5. Total lead length between both 
ends of the capacitor and the isolator pins should not exceed 20mm. Failure to provide the bypass may impair the switching prop¬ 
erties (Figure 5). 
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NOTES: 

1. The tpLH propagation delay is measured from the 3.75 mA point 
on the trailing edge of the input pulse to the 1.5V point on the trail¬ 
ing edge of the output pulse. 

2. The tp(-|L propagation delay is measured from the 3.75 mA point 
on the leading edge of the input pulse to the 1.5V point on the 
leading edge of the output pulse. 

3. Each channel. 

4. Measured between pins 1, 2, 3, and 4 shorted together, and pins 5, 6, 
7, and 8 shorted together. 

5. Common mode transient immunity in Logic High level is the maxi¬ 
mum tolerable (positive) dVQ|\/|/dt on the leading edge of the com¬ 
mon mode pulse, Vq(\/|, to assure that the output will remain in a 
Logic High state (i.e., Vq>2.0V). Common mode transient immunity 
in Logic Low level is the maximum tolerable (negative) dVciyi/dt on 
the trailing edge of the common mode pulse signal, VQ|y|, to assure 
that the output will remain in a Logic Low state (i.e., Vo<0.8V). 

6. DC Current Transfer Ratio is defined as the ratio of the output col¬ 
lector current to the forward bias input current times 100%. 

7. At 10mA VF decreases with increasing temperature at the rate of 
1,9mV/°C. 

8. Measured between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together. 


*- 

i 

I 



Ip - INPUT DIODE FORWARD CURRENT - mA 



Figure 3. Input-Output Characteristics. 



0 1 2 3 4 5 6 7 

Vo - COLLECTOR VOLTAGE - V 

NOTE: Dashed characteristics indicate pulsed operation. 


QURVE 
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-E 
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Vcc 1} 


XT 
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BYPASS 
.4:- 


5VPOWER 

SUPPLY 


Figure 2. Optocoupler Transfer Characteristics. 



Vf - INPUT FORWARD VOLTAGE -V 


Figure 4. Input Diode Forward Characteristic 



Figure 5. Recommended Printed Circuit Board Layout. 
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Figure 7. Propagation Delay, tpHL ai'd tp^n 
vs. Pulse Input Current, Ip^* 




PULSE GEN. 
Zo =■ 50J2 


Figure 9. Test Circuit for Transient Immunity and Typical Waveforms. 
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features 

• HIGH CURRENT TRANSFER RATIO - 800% TYPICAL 

• LOW INPUT CURRENT REQUIREMENT — 0.5mA 

• TTL COMPATIBLE OUTPUT - 0.1V Vql 

• 3000 Vdc WITHSTAND TEST VOLTAGE 

• HIGH COMMON MODE REJECTION - SOOV/ps 

• PERFORMANCE GUARANTEED OVER TEMPERATURE 
0°Cto70°C 

• BASE ACCESS ALLOWS GAIN BANDWIDTH 
ADJUSTMENT 

• HIGH OUTPUT CURRENT — 60mA 

• DC TO 1M bit/s OPERATION 

• RECOGNIZED UNDER THE COMPONENT PROGRAM 
OF UNDERWRITERS LABORATORIES, INC. 

(FILE NO. E55361) 

Description 

These high gain series coupiers use a Light Emitting Diode and 
an integrated high gain photon detector to provide 3000V dc 
electrical insulation, 500V/jUs common mode transient immu¬ 
nity and extremely high current transfer ratio between input 
and output. Separate pins for the photodiode and output 
stage result In TTL compatible saturation voltages and high 
speed operation. Where desired the Vcc and Vq terminals 
may be tied together to achieve conventional photodarlington 
operation. A base access terminal allows a gain bandwidth 
adjustment to be made. 

The 6N139 is suitable for use in CMOS, LTTL or other 
low power applications. A 400% minimum current transfer 
ratio Is guaranteed over a 0-70°C operating range for only 
0.5 mA of LED current. 

The 6N138 is suitable for use mainly in TTL applications. 
Current Transfer Ratio Is 300% minimum over 0-70°C for an 
LED current of 1.6mA [1 TTL unit load (U.L.)] . A 300% 
minimum CTR enables operation with 1 U.L. in, 1 U.L. out 
with a 2.2 l<S2 pull-up resistor. 

*JEDEC Registered Data. 


Applications 

• Ground Isolate Most Logic Families — TTL/TTL, CMOS/ 
TTL, CMOS/CMOS, LTTL/TTL, CMOS/LTTL 

• Low Input Current Line Receiver — Long Line or Partyline 

• El A RS-232C Line Receiver 

• Telephone Ring Detector 

• 117 V ac Line Voltage Status Indicator — Low Input Power 
Dissipation 

• Low Power Systems — Ground Isolation 


Absolute Maximum Ratings* 


Storage Temperature . —55°C to+125°C 

Operating Temperature. 0°C to +70°C 

Lead Solder Temperature. 260°C for 10s 

(1.6mm below seating plane) 

Average Input Current — Ip.20mA (H 

Peak Input Current — Ip. 40mA 

(50% duty cycle, 1 ms pulse width) 

Peak Transient Input Current — Ip. 1.0A 

« ljus pulse width, 300 pps) 

Reverse Input Voltage — Vr . 5V 

Input Power Dissipation. 35mW 12] 

Output Current — Iq (Pin 6). 60mA (3] 

Emitter-Base Reverse Voltage (Pin 5-7) .0.5V 

Supply and Output Voltage — Vcc 8-5), Vq (Pin 6-5) 

6N138 ...-0.5to7V 

6N139 ..-0.5 to 18V 

Output Power Dissipation...lOOmW 


See notes, following page. 
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Electrical Specifications 

OVER RECOMMENDED TEMPERATURE (Ta= 0°C to 70°C), UNLESS OTHERWISE SPECIFIED 


Parameter 

Sym* 

Device 

Min. 

Typ**^ 

Max. 

Units 

Test Conditions 

Fig. 

Note 



6M139 

400 

800 


% 

Ip “ 0.5mA, Vo 0.4V, Vcc A.5V 



Current Transfer Ratio 

CTR* 

500 

900 


Ip « 1.6mA, Vo « 0.4V, Vcc*4.5V 

3 

5,6 



6N138 

300 

600 


% 

Ip » 1.6mA, Vo 0.4V, Vcc *4.5V 







0.1 

0.4 


Ip » 1.6mA, Iq “6.4mA, Vcc*4.5V 



Logic Low 

Vot 

6N139 


0.1 

0.4 

V 

Ip * 5mA, lo * 15mA, Vcc ^ 4.5V 

1,2 

6 

Outpdt Voltage 



0.2 

0.4 


Ip » 12mA, lo * 24mA, Vcc * 4.5V 



6N138 


0.1 

0.4 

V 

Ip “ 1 . 6 mA, Iq ~ 4.8mA, Vcc *4.5V 



Logic High 

JOH^ 

6N139 


0.06 

100 

M 

Ip “ 0 mA, Vq * Vcc * 10 V 


6 

Output Current 

6Nt3S 


0.1 

250 

mA 

Ip « 0mA, V 0 « Vcc * 7V 


Logic Low 

Supply Current 

^CCL 



0.2 


mA 

Ip « 1.6mA, Vq * Open, Vqc * 5V 


6 

Logic High 

Supply Current 

<CCH 



10 


nA 

Ip “ 0 mA, Vq “ Open, Vcc * 5V 


6 

Input Forward Voltage 

Vp» 



1.4 

1.7 

V 

Ip * 1.6mA, Ta»25°C 

4 


Input Reverse 

Breakdown Voltage 

BVr* 


5 


V 


Ipj « 10 mA,Ta»=25°C 



Temperature Coefficient 
of Forward Voltage 

AVp 

aTa 



- 1.8 


mV/°C 

Ip « 1 . 6 mA 



Input Capacitance 

C|N 



60 


pF 

f^lMHz, Vp«0 



Input - Output 

ir- 0 " 






45% Relative Humidity, Ta~ 25°C 



Insulation Leakage 
Current 




1.0 

aa 

t “ 5 s, V |..0 « aOOOVdc 


7 

j 

Resistance 

(Input-Output) 

R|-o 



10 *^ 


a 

V|.o='500Vdc 


1' .... 

1 ^ 

!. 

Capacitance 

(Input-Output) 

C|.o 

_1 


0.6 

j 

pF 

f“1MHz 


1 . 

1 7 


•*AII typicals at Ta = 25°C and \/qq = 5V, unless othen/vise noted. 


Switching Specifications 


AT Ta= 25° C 


Parameter 

Sym, 

Device 

Min, 

Typ. 

Max. 

Units 

Test Conditions 

Fig. 

Note 

Propagation Delay Time 
To Logic Low at Output 

tpHL* 

6N139 


5 

0.2 

25 

1 

JUS 

ip * 0 . 5 mA, 4.7 ka 

Ip “12mA, Rt“270O 

9 

6,8 

6N138 


1 

10 

MS 

Ip “ 1.6mA, Rt“ 2.2ka 

Propagation Delay Time 
To Logic High at Output 

tPLH* 

6N139 


5 

1 

60 

7 

MS 

Ip « 0.5mA, Rt.“4.7ka 

Ip « 12mA, Rt,»270a 

9 

6,8 

6N138 


4 

35 

MS 

Ip “ 1.6 mA, Rl= 2.2ka 

Common Mode Transient 
Immunity at Logic High 
Level Output 

CMh 


i 

500 


V/jus 

Ip “ 0mA, Rt 2.2kn, Rqc * B 

IVcml'10Vp.p 

10 

9,10 

Common Mode Transient 
Immunity at Logic Low 
Level Output 

CMl 



-500 ! 


v/ms 

Ip “ 1.6mA,Ri_“ 2.2ka,Rcc* 0 

^K:m ^ ® 1B Vp.p 

10 

9,10 


NOTES: 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8. 

9. 


10 . 


Derate linearly above 50°C free-air temperature at a rate of 0.4mA/°C. 

Derate linearly above 50°C free^Sir temperature at a rate of 0.7mW/°C. 

Derate linearly above 25° C free-air temperature at a rate of 0.7mA/° C. 

Derate linearly above 25°C free-air temperature at a rate of 2.0mW/°C. 

DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Iq, to the forward LED input current. Ip, times 100%. 
Pin 7 Open. 

Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6 , 7, and 8 shorted together. 

Use of a resistor between pin 5 and 7 will decrease gain and delay time. See Application Note 951-1 for more details. 

Common mode transient immunity in Logic High level is the maximum tolerable (positive) dVQ^/dt on the leading edge of the common mode 
pulse, to assure that the output will remain in a Logic High state (i.e., Vq > 2.0V). Common mode transient immunity in Logic Low level 
is the maximum tolerable (negative) dVcm/dt on the trailing edge of the common mode pulse signal, Vcm' to assure that the output will remain 
in a Logic Low state (i.e., Vq < 0.8V). 


In applications where dV/dt may exceed 50,000V/jus (such as static discharge) a series resistor, Rcc» should be included to protect 


the detector 1C from destructively high surge currents. The recommended value is 


Rcc*= 


IV 


0.15 Ip (mA) 


. kft. 


'JEDEC Registered Data. 
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Vo - OUTPUT VOLTAGE - V 


Vo - OUTPUT VOLTAGE - V 


Figure 1. 6N139 DC Transfer Characteristics. 


Figure 2. 6N138 DC Transfer Characteristics. 




W ~ FORWARD VOLTAGE - V 


Figure 4. Input Diode Forward Current vs. 
Forward Voltage. 



0.010 0.10 1.0 10. 



If - INPUT DIODE FORWARD CURRENT - mA 


If - INPUT DIODE FORWARD CURRENT - mA 


Figure 5. 6N139 Output Current vs. Input Diode 
Forward Current. 


Figure 6. 6N138 Output Current vs. Input Diode 
Forward Current. 
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PROPAGATION DELAY - ms 




T* - TEMPERATURE - "C 


Rl - LOAD RESISTANCE - kSl 


Figure 7. Propagation Delay vs. Temperature. 


Figure 8. Non Saturated Rise and Fall Times vs. Load 
Resistance. 


(SATURATED 

RESPONSE) 



(NON^TURATED LsWt 
RESPONSE) T 


SWITCH AT A: Ip = 0mA 


SWITCH AT B: Ip ? 1.6 mA 



10% DUTY CYCLE 


Figures. Switching Test Circuit 





Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 


*JEDEC Registered Data. 


**See Note 10 
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HEWLETT 

PACKARD 


DUAL LOW INPUT 
CURRENT, HIGH CAIN 
OPTOCOUPLERS 


HCPl-2730 

HCPL-2731 


TECHNICAL DATA MARCH 1980 


8.90 (.390) 




273X^ 
XXX W 


OUTUNE DRAWING 


TYPE 

NUMBER 


ONE 




t 


1 

6,10 (.240) 


6,60 (.260) 

j 



__,, 


0.18 (.007? 
0,33 (.0131 


r TY p. 


—•►I W- OM (.035) MIN, DIMENSIONS IN MILLIMETRES AND (INCHES) 




Features 

• HIGH CURRENT TRANSFER RATIO — 1000% TYPICAL 

• LOW INPUT CURRENT REQUIREMENT - 0.5 mA 

• LOW OUTPUT SATURATION VOLTAGE — 1.0V TYPICAL 

• HIGH DENSITY PACKAGING 

• 3000 Vdc WITHSTAND TEST VOLTAGE 

• PERFORMANCE GUARANTEED OVER 0°C TO 70° C 
TEMPERATURE RANGE 

• HIGH COMMON MODE REJECTION 

• DATA RATES UP TO 200K BIT/s 

• HIGH FANOUT 

• RECOGNIZED UNDER THE COMPONENT PROGRAM OF 
UNDERWRITERS LABORATORIES, INC. (FILE NO. E55361). 


Applications 

• Digital Logic Ground isolation 

• Telephone Ring Detector 

• EIA RS-232C Line Receiver 

• Low Input Current Line Receiver — Long Line or Partyline 

• Microprocessor Bus Isolation 

• Current Loop Receiver 

• Polarity Sensing 

• Level Shifting 

• Line Voltage Status Indicator — Low input Power Dissipation 


Description 

The HCPL-2730/31 dual channel couplers contain a separated pair of GaAsP light emitting diodes optically coupled to a 
pair of integrated high gain photon detectors. They provide extremely high current transfer ratio, 3000V dc electrical 
insulation and excellent input-output common mode transient immunity. A separate pin forthe photodiodes and first gain 
stages (Vcc) permits lower output saturation voltage and higher speed operation than possible with conventional 
photodarlington type isolators. The separate Vcc pin can be strobed low as an output disable. In addition Vcc nriay be as 
low as 1.6V without adversely affecting the parametric performance. 

Guaranteed operation at low input currents and the high current transfer ratio (CTR) reduce the magnitude and effects of 
CTR degradation. 

The outstanding high temperature performance of this split Darlington type output amplifier results from the inclusion of 
an integrated emitter-base bypass resistor which shunts photodiode and first stage leakage currents to ground. 

The HCPL-2731 has a 400% minimum CTR at an input current of only 0.5 mA making it ideal for use in low input current 
applications such as MOS, CMOS and low power logic interfacing or RS232C data transmission systems. In addition, the 
high CTR and high output current capability make this device extremely useful in applications where a high fanout is 
required. Compatibility with high voltage CMOS logic systems Is guaranteed by the 18V Vcc and Vq specifications and by 
testing output high leakage (Iqh) at 18V. 

The HCPL-2730 is specified at an input current of 1.6 mA and has a 7V Vcc and Vq rating. The 300% minimum CTR allows 
TTL to TTL interfacing with an input current of only 1.6 mA. 

Important specifications such as CTR, leakage current and output saturation voltage are guaranteed over the 0°C to 70° C 
temperature range to allow trouble-free system operation. 
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Electrical Specifications 

(Over Recommended Temperature = 0°C to 70°C, Uniess Otherwise Specified) 


Sym. 

1 Oevi<» 
HCRL* 

M(n, 

Typ** 

Max. 

UfiHs 

T«$t Conditiofis 

Fig, 

CTR 

1 2731 

'’’"AdO'"'' 

500 

lOT 

1100 


% 

Ip = 0.5mA. Vq ^ 6.4V, Vcc * 4,SV 
= Ip« 1.6mA,V q «0.4V. Vcc *4.5V 

"'2' 


2730 

^0 

1000 


% 

Ip -1.6mA. Vq = 0.4V, Voc ^ 4.5V 

'"'2', 

VoL 

2731 


0.1 

0.1 

0.2 

0*4 

0.4 

0,4 

V 

1P »1,6mA, Iq 8mA, Vcc *4.5V 

Ip ~ 5mA, \q ^ 15mA, Vcc ” 4.5V 

Ip »12mA. \q * 24mA, Vcc * 4.5V 

1 


2730 


O.t 

0*4 

V 

Ip * 1,6mA, lo -4*8mA. Vcc *4.6V 



2731 


o;oo5 

100 

ptA 

Ip « 0 mA, Vq “ Vcc18V 


‘oh 

2730 


0.01 

250 

fiA 

Ip » 0mA, Vq^ Vcc-7V 


i 

2731 


1.2 



^F 1 “ ^F2 ^ .6mA Vcc * ^ 


*CCL 

2730 


0,9 


mA, 

Voi”Vc2-Open Vcc “TV 



2731 


, 5 


fiA 



*CCH 

2730 


4 



V(,i =Vo5=Open Vco = 7V 


Vp 



1.4 

1*7 

V 

Ip »1.6mA, Ta »25‘’C , 



avo 


5 



V 

tR*10juA,TA»25^C 

AVp 



-1.8 


ImV/^’c 

Ip-1.6mA 

[ .'. 

C|N 



60 


pF 

1 f»1MH2.Vp=0 

♦l-O 




1.0 


j 45% Relative Humidity, “11},^ » 
t ^ 5s, Vid « 3000Vdc 

^i-0 



1012 


a 

VpQ » 500Vdc 




0,6 


pF 

f » 1 MHz 

t|-l 



0.005 


#iA 

45% Relative Humidity, t»5s, 
Vm * BOOVdc 


Current Transfer Ratio 


Logic Low 2731 0,1 0.4 

Output Voltage \ ^OL \ 0.2 ,0.4 , 

_ 7m _ O.t 0,4 

■' Logic High ^ 2731 _ 0;00S 100 

Output Currant 2730 0.01 250 

Logic tow ^ 2731 1-2 

Supply Currant 2730 0,9 

Logic High ^ 2731 B 

Supply Current _ 2730". ". 4 . .. 

Input Forward Voltage Vp 1,4 1*7 

Input Reverse Breakdown 

Votege _ I _ 

Temperature Coefficient AVp 

of Forward Voltage ' 

Input Capacitarrce C|m ^ 

Irvput-Output Insulation ^ ^ 

Leakage Current 

Resistance , 

(Input-Output) 

Capacitance 

(Input-Output) 

Input-In put 

Insulation Leakage Current •*! O.OOB 

Resistance ^ 

(Input-Input) 

Capacitance 

(Input-Input) 

*AII typicals at Ta = 25'^C 

Switching Specifications at Ta=25°C 

Pararttcter $ym, HCPt^ Max. 

IVopagation Delay Time 2731 25 100 

To Logic Low B, 20 

at Output 27^/1 0.6 2 

l^opagation Delay Time 2731 _ 20 60 

To Logic High tptH 10 35 

at Output 2730/1 ^ 

Common Mode 

Transient Immunity at CMh ^0 

Logic High Level Output 
Common Mode 

Transient Immunity at *5(K) 

_ Logic Low Level Output 

NOTES; 1. Derate linearly above 50°C free-air temperature at a rate of 0.5mA/°C. 10. 

2. Derate linearly above 50°C free-air temperature at a rate of 0.9mW/°C. 

3. Derate linearly above 35°C free-air temperature at a rate of 0.6mA/°C. 

4 Pin 5 should be the most negative voltage at the detector side. 

5. Derate linearly above 35°C free-air temperature at a rate of 1.7mW/°C. 

Output power is collector output power plus supply power. 

6. Each channel. 

7. CUR RE NT TRANSFER RATIO is defined as the ratio of output 11. 

collector current, Iq, to the forward LED input current. Ip, times 100%. 

8. Device considered a two-terminal device: Pins 1,2, 3, and 4 shorted 
together and Pins 5, 6, 7, and 8 shorted together. 

9. Measured between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together. 


Test Ocnditions 

Ip ^ 0.5mA, Rt^« 4.7kn 

Ip » 1.6mA, * 2 2ka. 

Ip »12mA, R{^.»27Qa 
Ip * 0.5mA, R|, ” 4.7kn 
If » 1.6mA, Rt - 2.2kti 
fp * 12mA, Hi - 270U 

Ip « 0mA, Hi- Ztkil 

IVcmI * 

Ip » 1.6mA, = 2.2kS! 


Fig. I Note 


10 10,11 


10. Common mode transient immunity in Logic High level is the maximum 
tolerable (positive) d\/Q|\/|/dt on the leading edge of the common mode 
pulse VcM. fo assure that the output will remain in Logic High state 
(i.e., Vq > 2.0V). Common mode transient immunity in Logic Low 
level is the maximum tolerable (negative) dVQiy) dt on the trailing edge 
of the common mode pulse signal, Vqi\/|, to assure that the output will 
remain in a Logic Low state (i.e., Vq < 0.8V). 

11. In applications where dV/dt may exceed 50,000 V/ps (such as a static 
discharge) a series resistor, Rcc, should be included to protect the 
detector 1C from destructively high surge currents. The recommended 

— kn. 
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COUPLERS 








Absolute Maximum Ratings 

Storage T emperature .-55° C to +125° C 

Operating Temperature . -40°Cto+85°C 

Lead Solder Temperature . 260°C for 10 sec 

(1.6mm below seating plane) 
Average Input Current — Ip 

(each channel) . 20mA^^V 

Peak Input Current — Ip 

(each channel) .. 40 mA 

(50% duty cycle, 1 ms pulse width) 
Reverse Input Voltage — Vr 
(each channel) . 5V 


Input Power Dissipation 

(each channel) . 35 mW^^^ 

Output Current — Iq 

(each channel) .. 60 mA^^^ 

Supply and Output Voltage —Vcc (Pin 8-5), Vq (Pin 
7,6-5) 

HCPL-2730 . -0.5to7V 

HCPL-2731 . -0.5to18V 

Output Power Dissipation 
(eachchannel) .. lOOmW^®^ 



Vo - OUTPUT VOLTAGE - V 


Ip -FORWARD CURRENT-mA 


Ip - INPUT DIODE FORWARD CURRENT - mA 


Figure 1. DC Transfer Characteristics. 


Figure 2. Current Transfer Ratio vs. 
Forward Current. 


Figure 3. Output Current vs. input 
Diode Forward Current. 



Vf - FORWARD VOLTAGE - V 


Figure 4. input Diode Forward Current 
vs. Forward Voitage. 



Ip - INPUT DIODE FORWARD CURRENT - mA 


Figure 5. Suppiy Current Per Channei 
vs. input Diode Forward Current. 



T - INPUT PULSE PERIOD - ms 


Figure 6. Propagation Deiay To Logic 
Low vs. Puise Period. 
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- HCPL-273Utj^ » 0.5 mA, \ » 4,7 km 
• HOt-27aCll{^ • iM mA, * 2.2 km^ 


V^»5V 

—.V«L 










'Hh 





> 




_ 

r“ -'-1 










Vcc 

* 

5V 

26‘C 


HCPL-2730 

HCPL«a731 






•ml : 

|Rt.“a,»£iOft4.7ltfi! 



n 






0 10 20 30 40 50 60 70 

T. - TEMPERATURE-°C 


Figure 7. Propagation Deiay vs. 
Temperature. 


Vh 

1 .• 1 "" 

t«»LH Ri 


Ip - INPUT DIODE FORWARD CURRENT - mA 


Figure 8. Propagation Deiay vs. input 
Diode Forward Current. 



HP 8007 
PULSE I 

gen. ^ 

Zoi'SOO -fv 

t, '= 5ns '— 
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COUPLERS 






HEWLETT 
mUnM PACKARD 


LOW INPUT OJRRENT 


4N45 

4N46 


TECHNICAL DATA MARCH 1980 



• HIGH CURRENT TRANSFER RATIO — 

1000% TYPICAL 

• LOW INPUT CURRENT REQUIREMENT — 

0.5 mA 

• 3000 Vdc WITHSTAND TEST VOLTAGE 

• PERFORMANCE GUARANTEED OVER 0°C TO 
70° C TEMPERATURE RANGE 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES INC. (FILE NO. E55361) 

• INTERNAL BASE-EMITTER RESISTOR 
MINIMIZES OUTPUT LEAKAGE 

• GAIN-BANDWIDTH ADJUSTMENT PIN 

• HIGH COMMON MODE REJECTION 

Description 

The 4N45/46 optocouplers contain a GaAsP light emitting 
diode optically coupled to a high gain photodetector 1C. 

The excellent performance over temperature results from 
the inclusion of an integrated emitter-base bypass resistor 
which shunts photodiode and first stage leakage currents 
to ground. External access to the second stage base 
provides better noise rejection than a conventional 
photodarlington detector. An external resistor or capaci¬ 
tor at the base can be added to make a gain-bandwidth or 
input current threshold adjustment. The base lead can 
also be used for feedback. 

The high current transfer ratio at very low input currents 
permits circuit designs in which adequate margin can be 
allowed for the effects of CTR degradation over time. 

The 4N46 has a 350% minimum CTR at an input current of 
only 0.5mA making it ideal for use in low input current 
applications such as MOS, CMOS and low power logic 
interfacing. Compatibility with high voltage CMOS logic 
systems is assured by the 20V minimum breakdown 
voltage of the output transistor and by the guaranteed 
maximum output leakage (Iqh) ‘•SV. 

The 4N45 has a 250% minimum CTR at 1.0mA input 
current and a 7V minimum breakdown voltage rating. 

*JEDEC Registered Data. 



• Telephone Ring Detector 

• Digital Logic Ground Isolation 

• Low Input Current Line Receiver 

• Line Voltage Status Indicator — Low Input Power 
Dissipation 

• Logic to Reed Relay Interface 

• Level Shifting 

• Interface Between Logic Families 

Absolute Maximum Ratings* 


Storage Temperature . -55°Cto+125°C 

Operating Temperature . -40° C to+70° C 

Lead Solder Temperature . 260° C for 10 s. 

(1.6mm below seating plane) 

Average Input Current —Ip . 20 mAl‘'l 

Peak Input Current —Ip . 40 mA 

(50% duty cycle, 1ms pulse width) 

PeakTransient Input Current —Ip .. 1.0A 

«1 ps pulse width, SOOpps) 

Reverse Input Voltage —Vr . 5V 

Input Power Dissipation .. 35mWl2] 

OutputCurrent —lo(Pin5) . OOmAt^l 

Emitter-Base Reverse Voltage (Pins 4-6) . 0.5V 

Output Voltage — Vq (Pin 5-4) 

4N45 . -0.5to7V 

4N46 . -0.5 to 20V 

Output Power Dissipation . lOOmWl^l 

See notes, following page 
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Electrical Specifications 

OVER RECOMMENDED TEMPERATURE (Ta 




Ctif TrtffSf er 


Sy«i» I I Win. 


mo 

4ISI46 SOa 




.fio>. 

, ,82 ■ 

t,0 

1.2 


,1.0 

t.2 


;;;1(dS0£; 




tttput 


Current 


Ra^staw (Input-Output) 


(tnput-0«t|»it) I 


0 C TO 700, UNLESS OTHERWISE SPECIFIED 


Test "Conditions . 


If * O.SmA, Vo * 1 .OV 
If »»1.0mA,Vo«'t,0V 
If « lQfnA,Vo ^ t*2y 


If «1,0mA, Vo^iJPV 

' 0 *^$ :>r,;:^ 


If * O^imA,. lOj^ * 1,7SmA 
If ^ t ,(^A, loi^» 5*0mA 
If * 10mA, lot * ^lOmA 




j ^ « ^A, Vo « ISV 


J«A. c l If • iMKi Vo * 5V 


:V . ^.*«>,0mA,TA«a6’C 


mWQ I#"* 1.0mA- c : . 


X. V . la-10pA,TA-2e^C 




4&%Ralat1v« Humidity, Ta*25'*C 

t»Os, 


Vi^5 * 500VOC 




4 6,6 


Switching Specifications 

AT Ta * 25''c 





Immunity at lo^le High " 
. teval Output 


r ,'Cordfi^aMdde Trami^^^^ , Cfi^t"';'' 

Immunity at 
V'’'-,La^l Output' 


*JEDEC Registered Data. 

**AII typicals at Ta = 25°C, unless otherwise noted. 


’l. Derate linearly above 50° C free-air temperature at a rate of 0.4mA/°C. 

2. Derate linearly above 50° C free-air temperature at a rate of 0.7mW/°C. 

3. Derate linearly above 25°C free-air temperature at a rate of 0.8mA/°C. 

4. Derate linearly above 25° C free-air temperature at a rate of 1.5mW/°C. 

5. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Iq, to the forward LED input current. If, times 

100 %. 

6. Pin 6 Open. 

7. Device considered a two-terminal device: Pins 1, 2, 3 shorted together and Pins 4, 5, and 6 shorted together. 

8. Use of a resistor between pin 4 and 6 will decrease gain and delay time. (See Figures 10 and 12). 

9. Common mode transient Immunity in Logic High level is the maximum tolerable (positive) dV^rn/dt on the leading edge of the common 
mode pulse, Vcm» to assure that the output will remain in a Logic High state (I.e., Vq > 2.5V). Common mode transient immunity in 
Logic Low level is the maximum tolerable (negative) dVcm/dt on the trailing edge of the common mode pulse signal, V^m, to assure 
that the output will remain in a Logic Low state (i.e., Vq < 2.5V). 
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Figure 10. External Base 
Resistor, Rx 


*0.1 1.0 5.0 io '20'''^'^ 

If - FORWARD CURRENT - mA 

Figure 11. Effect of Rx On 
Current Transfer Ratio 




* ioH£i 


Rx - EXTERNAL RESISTOR - kn 

Figure 12. Effect of Rx On 
Propagation Delay 


Applications 




TTL Interface 


*SCHMIDT TRIGGER RECOMMENDED 
BECAUSE OF LONG tr,tf. 


TELEPHONE 

LINE 


NOTE: AN INTEGRATOR MAY BE REQUIRED AT THE OUTPUT TO 
ELIMINATE DIALING PULSES AND LINE TRANSIENTS. 



r— 


0 


Telephone Ring Detector 


, If = 0.5 mA 4N46 


ADD FOR / I - f 2 I 

AC INPUT ‘“-i 


Line Voltage Monitor 


V {Vile or Vrms) 

"'fis''- 


' .24-- 

■ 

, " 1V 

^ 43 . , 

.lOQkO 


im., 

' 236 

220fca- 

m 

~ '^11^ ,.7 









CMOS Interface 


Rin « 30MJ2, Rout 50Q 

VinIMAX.) = Vcc, -IV, LINEARITY BETTER THAN 5% 

DESIGN COMMENTS 

R, - NOT CRITICAL (« ^IN (MAX.L-l-V < y,l .l. VBi )H,, 03 
If (MAX.) 

R 2 - NOT CRITICAL (OMIT IF 0.2 TO 0.3V OFFSET IS TOLERABLE) 
V|N (MAX.) + Vbe 

—r;:s— 

„ ViN (MAX.) 

NOTE: ADJUST R 3 SO Vqut = V|n AT V|n = 


Qi,Q2-2N3904 
Q 3 - 2N3906 


Analog Signal Isolation 
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HEWLETT 

PACKARD 


AC/DC TO LOGIC 


INTERFACE 

HCPL-3700 

OPTOCOUPLER 



TECHNICAL DATA MARCH 1980 



Features 

• AC OR DC INPUT 

• PROGRAMMABLE SENSE VOLTAGE 

• HYSTERESIS 

• LOGIC COMPATIBLE OUTPUT 

• SMALL SIZE: STANDARD 8 PIN DIP 

• THRESHOLDS GUARANTEED OVER 
TEMPERATURE 

• THRESHOLDS INDEPENDENT OF 
LED DEGRADATION 

• 3000V WITHSTAND TEST VOLTAGE 

• RECOGNIZED UNDER THE COMPONENT 
PROGRAM OF UNDERWRITERS 
LABORATORIES, INC. (FILE NO. E55361) 

Description 

The HCPL-3700 is a voltage/current threshold detection 
optocoupler. This optocoupler uses an internal Light 
Emitting Diode (LED), a threshold sensing input buffer IC, 
and a high gain photon detector to provide an optocoupler 
which permits adjustable external threshold levels. The 
input buffer circuit has a nominal turn on threshold of 
2.5 mA (Ith+) and 3.8 volts (Vth+). The addition of one or 
more external attenuation resistors permits the use of this 
device over a wide range of input voltages and currents. 
Threshold sensing prior to the LED and detector elements 
minimizes effects of different optical gain and LED 
variations over operating life (CTR degradation). Hystere¬ 
sis is also provided in the buffer for extra noise immunity 
and switching stability. 


OUTLINE DRAWING 



Applications 

• LIMIT SWITCH SENSING 

• LOW VOLTAGE DETECTOR 

• 5V--240V AC/DC VOLTAGE SENSING 

• RELAY CONTACT MONITOR 

• RELAY COIL VOLTAGE MONITOR 

• CURRENT SENSING 

• MICROPROCESSOR INTERFACING 


HCPL-3700 



The buffer circuit is designed with internal clamping 
diodes to protect the circuitry and LED from a wide range 
of over-voltage and over-current transients while the 
diode bridge enables easy use with ac voltage input. 

The high gain output stage features an open collector 
output providing both TTL compatible saturation voltages 
and CMOS compatible breakdown voltages. 

The HCPL-3700, by combining several unique functions 
in a single package, provides the user with an ideal 
component for industrial control computer input boards 
and other applications where a predetermined input 
threshold optocoupler level is desirable. 
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Absolute Maximum Ratings (No derating required up to 70®C) 




Storage Temperature 

Operating Temperature - iy. 

Lead 

Soldering 

Cycle 

Temperature, \ ^5:v 

Time 

Input 

Current 

Average . ' ' ' 

Surge 


Tmnsientv •,, 


Input Voltage (Bos 2^) 


Input l=^ower Dissipation 


total Package Power Dissipation 


Output Power Dissipation 


Output 

ntirr«nt Avofage 


Output Voltage (Pins 6-6) 





-0.6 


Recommended Operating Conditions 


__ Parwiieter 

Supply Voltage _ 

Operating Temperature 
Operating Frequency 


SymlKil 

Vcc 

Ta 

1 


Switching Characteristics at Ta = 25°C, Vcc = 5.0V 
I Parameter | SymPol I Min* I Typ.^ Max. I Ufitla I 


Parameter 

Propagation Delay Time to 
Logic Low Output Level 

Propagation Delay Time to 
Logic High Output Level 

Common Mode Transient 
Immunity at Logic Low 
Output Level 


Common Mode Transient 
Immunity at Logic High 
Output Level 


Output Rise Time (10-90%) 
Output Fall Time (90*10%) 


10,0 40 


Rt« 4.r kO. Cl = 30 pF 

Rt«i.tWl,Ci. = 30pF 



ui e - 341 mA, Rl ® 4T kft 
Vo VcMt ^ 1W 


lii ^iN F 0 mAi Rl = 4.7 ka 

Vo mtn ^ 2.0V, ^ 1400V 

mi CL"*:30 pF,,- ' 

', "Ri » 4.T Ka,''Oi' *'^30 pF: '- 
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Electrical Characteristics 

Over Recommended Temperature (0°C < Ta < 70°C) Unless Otherwise Specified 


Input Threshold Current 


Synnhol 

Min. 

Typ.9 

Max. 

Units 

Ith+ 

1.06 

2.5 

3.11 

mA 

ITH- 

1.00 

1.3 

; 1.62 

mA 

X 

t- 

> 

3.35 

1 3.8 

1 4,05 

V 


Input Threshold 
Voltage 


DC 

(Pins 2, 3) 


AC 

(Pins 1, 4) 


2.01 2.6 2.86 


4.23 5.1 5.50 



Vth- 

2,87 

3,8 

4.24 

V 


Ihys 


1.2 


mA 

Hysteresis 

Vhys 


1.2 


V 


VfHCl 

5.4 

6.0 

6,6 

V 


V|HC2 

6.1 

6.7 

7.3 

V 

Input Clamp Vdttage 

Vihg3 

. 

12.0 

13.4 

V 


ViLC 


-0.76 


V 

Input Current 

IlN 

3.0 

3.7 

4,4 

mA 


VoL2 


0,59 



Bridge Diode Forward Voltage 

Vd3,4 


0.74 



Logic Low Outppt Voltage 

VOL 


0.1 

0-4 

V 

Logic High Oulpyt Current 

lOH 



100 

^A 

Logic Low Supply Current 

ICCL 


1.0 

4 

mA 

Logic High Sppply Current 

Icch 


2 


nA 

Input-Output ITi^latlon 
'Leakage Cufn^^^r-', 

Iho 



1 

fiA 

Input-Output Bealstafice 

Rf-o 


1012 


a 

Input-Output Capacibnce 

Ci-0 


0.6 


pF 

Input Capacitance 

ClN 


50 


pF 


Conditions 

Vin=Vth+; Vcc = 4.5V; 

Vo = 0.4V; lo > 4.2 mA 

ViN = Vth- : Vcc - 4.5V; 

Vo ^ 2.4V; IQH < 100 mA 

ViN = V 2 — V 3 ; Pinsi &4 Open 
Vcc == 4.5V; Vo ~ 0.4V: 

Ip S 4.2 mA _ 

VfN = Va — V 3 ; Pins 1 & 4 Open 
Vcc === 4,5V; Vo * 2.4V; 
lo < 100 (xA _ 

VihHVi — V 4 I; Pins 2&30pen 
Vcc = 4.5V; Vo = 0.4V; 
lo > 4.2 mA 

ViN -|Vi ~~ V4j; Pins 2 & 3 Open 
Vcc "= 4.5V; Vo 2.4V; 
lo < 100 ftA 

Ihys - Ith+— Ith~ 

Vhys = Vth-*- — Vth- _ 

V 1 HC 1 = V2 — V 3 ; V 3 = GND: 
liN = 10 mA; Pin 1 & 4 
Connected to Pin 3 

Vihc 2 = |Vi — V 4 I: Mini = 

10 mA; Pins 2 & 3 Open 

ViHC3 === Va - V 3 == GND; 
liN = 18 mA; Pinsi & 4 Open 

ViLc = Va - Vs: V 3 GND; 
liN “ -10 mA 

ViN “ Va — V 3 = 5.0V; 

Pins 1 & 4 Open 

liN - 3 mA (see schematic) 

Vcc = 4.5V; lOL = 4.2 mA 
VOH=^CC = 18V 

Va Vs = 5.0V; Vo = Open 
Vcc - 5.0V _ 

Vcc = 18V; Vo = Open 

Relative Humidity = 45%. 

Ta = 25° C, Vf-.o * 3000 Vdc; 
|t - 5 sec. _ 

Vi 0^500 Vdc 
f = 1 MHz. V)-o = 0 Vdc 
f=T MHz; ViN=0V, Pins 2 & 3, 
Pins 1 & 4 Open _ 


Fig, Note 


2,3 

14 


14,15 

2 




1 




1 

6 






5 

14 





4 

14 




16 






Notes: 

1. Measured at a point 1.6 mm below seating plane. 

2. Current into/out of any single lead. 

3. Surge input current duration is 3 ms at 120 Hz pulse repetition rate. 
Transient input current duration is 10 jus at 120 Hz pulse repetition rate. 
Note that maximum input power, Pin, must be observed. 

4. Derate linearly above 70° C free-air temperature at a rate of 4.1 mW/° C. 
Maximum input power dissipation of 230 mW allows an input 1C 
junction temperature of 125°C at an ambient temperature of Ta= 70°C 
with a typical thermal resistance from junction to ambient of 0jAi = 
240° C/W. Excessive Pin and Tj may result in IC chip degradation. 


5. Derate linearly above 70° C free-air temperature at a rate of 5.4 mW/° C. 

6. Derate linearly above 70° C free-air temperature at a rate of 3.9 mW/° C. 
Maximum output power dissipation of 210 mW allows an output IC 
junction temperature of 125° C at an ambient temperature of Ta= 70° C 
with a typical thermal resistance from junction to ambient of 0 jAo = 
265° C/W. 

7. Derate linearly above 70°C free-air temperature at a rate of 0.6 mA/° C. 

8. Maximum operating frequency is defined when output waveform (Pin 
6) obtains only 90% of Vcc with Rl = 4.7 kfl. Cl = 30 pF using a 5V 
square wave input signal. 
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9. All typical values are at Ta = 25° C, Vcc = 5.0V unless otherwise stated. 

10. The tpHL propagation delay is measured from the 2.5V level of the 
leading edge of a 5.0V input pulse (1 ^ls rise time) to the 1.5V level on the 
leading edge of the output pulse (see Figure 9). 

11. The tpLH propagation delay is measured from the 2.5V level of the 
trailing edge of a 5.0V input pulse (1 ns fall time) to the 1.5V level on the 
trailing edge of the output pulse (see Figure 9). 

12. Common mode transient immunity in Logic High level is the maximum 
tolerable (positive) dVcM/dt on the leading edge of the common mode 
pulse, VcM, to insure that the output will remain in a Logic High state 
(i.e., Vo > 2.0V). Common mode transient immunity in Logic Low level 
is the maximum tolerable (negative) dVcM/dt on the trailing edge of the 
common mode pulse signal, Vcm, to insure that the output will remain 
in a Logic Low state (i.e., Vo < 0.8V). See Figure 10. 


13. In applications where dVcM/dt may exceed 50,000 VZ/us (such as static 
discharge), a series resistor, Rcc. should be included to protect the 
detector 1C from destructively high surge currents. The recommended 
value for Rcc is 240n per volt of allowable drop in Vcc (between Pin 8 
and Vcc) with a minimum value of 240ft. 

14. Logic low output level at Pin 6 occurs under the conditions of Vin ^ 
Vth+ as well as the range of Vin > Vth— once Vin has exceeded Vth+. 
Logic high output level at Pin 6 occurs under the conditions of Vin < 
Vth- as well as the range of Vin < Vth+ once Vin has decreased below 
Vth-. 

15. AC voltage is instantaneous voltage. 

16. Device considered a two terminal device: pins 1, 2, 3, 4 connected 
together, and Pins 5, 6, 7, 8 connected together. 



—J—,—^— 

___ Vcc * 4.5V 
lot » 4.2 m 
VoL < 0.4V 
VoH » 2.4V 


n 







A 
















Vti. 
— Vri. 

.^VoH. 

|tD( 

(A< 

(AC 

/DC 

J 

t 

3 

5 

2 

1 

8V 

1V 

5ttt 

A 

J 

TH- 

2.6V 

3.8V 

1,3 


m 

pri^ 

m 

pfi' 

iS2 

tS1 

iS2 

Oft 

ISI, 

3 

4 - 

3 ^ 

4 ^ 






ssaj 






































U 


Vbt 

mm ■ 

te.a 

• MM 






n 










TH- TH+ 


Figure 1. Typical Input Characteristics, l||v| vs. V|n|. 


Figure 2. Typical Transfer Characteristics. 



Ta- TEMPERATURE-°C 

Figure 3. Typical DC Threshold Levels vs. Temperature. 



-25 0 25 50 75 100 

Ta - TEMPERATURE-°C 

Figure 4. Typical High Level Supply Current, Iqch Temperature. 
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Figure 5. Typical Input Current, l||vj, and Low Level Output 
Voltage, Vql, vs. Temperature. 



-20 0 20 40 60 80 

Ta - TEMPERATURE - °C 

Figure 7. Typical Rise, Fall Times vs. Temperature. 


HCPL-3700 



PULSE WIDTH = 1 ms 

f= 100 Hz * Cl is 30 pF, which INCLUDES PROBE 


t, = tf = I.Ops (10-90%) AND STRAY WIRING CAPACITANCE. 




Figure 6. Typical Propagation Delay vs. Temperature. 



Figure 8. Common Mode Transient Immunity vs. Common 
Mode Transient Amplitude. 




I|IVI = 3.11 mA 


Figure 10. Test Circuit for Common Mode Transient 
Immunity and Typical Waveforms. 
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Electrical considerations 

The HCPL-3700 optocoupier has internai temperature 
compensated, predictable voltage and current threshold 
points which allow selection of an external resistor, Rx, to 
determine larger external threshold voltage levels. For a 
desired external threshold voltage, V±, a corresponding 
typical value of Rx can be obtained from Figure 11. 
Specific calculation of Rx can be obtained from Equation 
(1) of Figure 12. Specification of both V+ and V- voltage 
threshold levels simultaneously can be obtained by the 
use of Rx and Rp as shown in Figure 12 and determined by 
Equations (2) and (3). 

Rx can provide over-current transient protection by 
limiting input current during a transient condition. For 
monitoring contacts of a relay or switch, the HCPL-3700 in 
combination with Rxand Rpcan be used toallowaspecific 
current to be conducted through the contacts for cleaning 
purposes (wetting current). 

The choice of which input voltage clamp level to choose 
depends upon the application of this device (see Figure 1). 
It is recommended that the low clamp condition be used 
when possible to lower the input power dissipation as well 
as the LED current, which minimizes LED degradation 
over time. 

In applications where dVcM/dt may be extremely large 
(such as static discharge), a series resistor, Rcc, should 
be connected in series with Vcc and Pin 8 to protect the 
detector 1C from destructively high surge currents. See 
note 13 for determination of Rcc- In addition, it is 
recommended that a ceramic disc bypass capacitor of 
0.01 )uf be placed between Pins 8 and 5 to reduce the effect 
of power supply noise. 

For interfacing AC signals to TTL systems, output low 
pass filtering can be performed with a pullup resistor of 
1.5 kn and 20 /xf capacitor. This application requires a 
Schmitt trigger gate to avoid slow rise time chatter 
problems. For AC input applications, afiltercapacitor can 
be placed across the DC input terminals for either signal 
or transient filtering. 



Rx - EXTERNAL SERIES RESISTOR - kfi 

Figure 11. Typical External Threshold Characteristic, V+ vs. Rx- 



Either AC (Pins 1,4) or DC (Pins 2,3) input can be used to 
determine external threshold levels. 

For one specifically selected external threshold voltage 
level V+ or V- , Rx can be determined without use of Rp via 


Rx = 


V+ - 
(-) 


Vth+ 


Ith+ 


(-) 


(-) 


For two specifically selected external threshold voltage 
levels, V+ and V-, the use of Rx and Rp will permit this 
selection via equations (2), (3) provided the following 
conditions are met. If the denominator of equation (2) is 
positive, then 


^ ^ ^ and 
v_ Vth_ 


- Vth^ 
V_ - Vth- 


Ith+ 

Ith- 


Conversely, if the denominator of equation (2) Is negative, 
then 


V+ 


Vth+ 


V. - Vth- 


and 


V+ - Vth+ Ith-h 

V. - VtH. ITH- 


Rd = 


R = Vth- (V+) - Vth+ (V- ) 

^ Ith+ (Vth- ) - Ith- (Vth+) 

Vth- (V,).-Vth^ (V- ) 

Ith+ (V_ - Vth- ) + Ith- (Vth+ - V+) 


(3) 


\J -- K„ 

^ f 1 (i 


V r 




'{.C, ^ i/„ 
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Features 

• HERMETICALLY SEALED 

• HIGH SPEED 

• PERFORMANCE GUARANTEED OVER -55°C TO 
+125°C AMBIENT TEMPERATURE RANGE 

• STANDARD HIGH RELIABILITY SCREENED 
PARTS AVAILABLE 

• TTL COMPATIBLE INPUT AND OUTPUT 

• HIGH COMMON MODE REJECTION 

• DUAL-IN-LINE PACKAGE 

• 1500 VDC WITHSTAND TEST VOLTAGE 

• EIA REGISTRATION 

• HIGH RADIATION IMMUNITY 

Applications 

• Logic Ground Isolation 

• Line Receiver 

• Computer - Peripheral Interface 

• Vehicle Command/Control Isolation 

• High Reliability Systems 

• System Test Equipment Isolation 

Description 

The 6N134 consists of a pair of inverting optically coupled 
gates, each with a light emitting diode and a unique high gain 
Integrated photon detector In a hermetically sealed ceramic 
package. The output of the detector is an open collector 
Schottky clamped transistor. 

This unique dual coupler design provides maximum DC and 
AC circuit isolation between each Input and output while 
achieving TTL circuit compatibility. The isolator operational 
parameters are guaranteed from -55°C to +125°C, such that a 
minimum input current of TO mA in each channel will sink a 
six gate fanout (10 mA) at the output with 4.5 to 5.5 V Vqc 
applied to the detector. This isolation and coupling is achieved 
with a typical propagation delay of 55 nsec. 



Recommended Operating 
Conditions 


TABLE I 



Sym, 

Min, 

Max. 

Units 

Input Current, tow Levei - 
-EachXhannel ' 

*FL 

'V;oy- 

250 

}iA ' 

Input Current, Hi^ Level . 
Each-Channer 




, --mA 

'Supply";Vditage 


, ■4.5"'-, 


y;) V 

y; i Fan Out (TTL Load) Vy-y 
''. Ejach Chan neL -; -, -,". 



, 6 


Operating Temperature y 



■426; ! 

"C 


Absolute Maximum Ratings* 

(No derating required up to 125°C) 

Storage Temperature . ”65°C to+150°C 

Operating Temperature ... “55°C to +125°C 

Lead Solder Temperature. 260°Cfor 10s 

^ ^ {1.6mm below seating plane) 

Peak Forward Input 

Current (each channel) .40 mA (< 1 ms Duration) 

Average Input Forward Current (each channel) . 20 mA 

Input Power Dissipation (each channel).. 35 mW 

Reverse Input Voltage (each channel). 5V 

Supply Voltage - Vcc .7V (1 minute maximum) 

Output Current - \q (each channel). 25 mA 

Output Power Dissipation (each channel).. 40 mW 

Output Voltage - Vq (each channel)... 7V 

Total Power Dissipation (both channels) . 350 mW 

**12.5mA condition permits at least 20% CTR degradation guardband. 
Initial switching threshold is 10mA or less. 


*JEDEC Registered Data. 
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TABLE II 

Electrical Characteristics 

OVER RECOMMENDED TEMPERATURE (T^ = -55°C TO +125°C) UNLESS OTHERWISE NOTED 



Vi-0' 


||:»'l|taATA = ?B®C 


25°C 




= 5V, Ta = 25°C 


Parameter 

Symlml 

Mill/ 

Typ. 

Max. 

Units 


Figure 

Note 

Input Capacitance 

C|N 


60 


-pr'' 



1 

Input Diode Temperature 
Coefficient 

AVf 

ATa 


- 1.9 


ttiV/’C 



. '■ 

Resistance {Input^utput) 

Ri.o/ 


iota 


a 




Capacitance (Input-Output) 

Ch> 


1.7 


pf 

1 MHz,;.,/: >' 


3 ',- 

Input-Input jnaifatipn 
Leakage Current 

Im 


0.5 


nA 

'Wu^Wity « 45 %, 


4 

Resistance (Input-Input) 

Rm 


1012 


r a-. 



4 

Capacitance (Input-Input) 

Cm 


0.55 


'■pF,,, 



4 

Output Rtse'Fall Time 
( 10 - 90 %) 

tr, tf 


35 


ns 




Common Mode 

Transient I mmunity 
at Hl#i Output Level 

CMh 


100 


V/iis 

VCM - 10 V (peaJ‘)- 

ve (win;) = 2 V, 

Rl • & 1 ® 2 . Ip 0 mA 

6 

7 

Common Mode 

CMl 


-400 


V/fs 

; 10 V (peak)/ 

6 

8 


Transient Immiinitv 
at Low Output Level 


V5 (max.) * 0.8V 
*:510U, If ^ 10mA 


1. Each channel. 

2. Measured between pins 1 through 8 shorted together and pins 9 
through 16 shorted together. 

3. Measured between pins 1 and 2 or 5 and 6 shorted together, and 
pins 9 through 16 shorted together, 

4. Measirred between pins 1 and 2 shorted together, and pins 5 and 6 
shorted together. 

5. The tpy-i propagation delay is measured from the 6.5mA point on 
the traflirig edge of the input pulse to the 1.5V point on the trailing 
edge of the output pulse. 


6. The tpHL propagation delay Is measured from the 6.5mA point on 
the leading edge of the input pulse to the 1.5V point on the leading 
edge of the output pulse. 

7. CM|.^ is the max. tolerable common mode transient to assure that 
the output will remain in a high logic state (i.e., Vq > 2.0V). 

8. CM|_ is the max. tolerable common mode transient to assure that 
the output will remain in a low logic state (i.e., Vq < 0.8V). 

9. It Is essential that a bypass capacitor (.01 to 0.1 mF, ceramic) be con¬ 
nected from pin 10 to pin 15. Total lead length between both ends of 
the capacitor and the isolator pins should not exceed 20mm (Fig. 7). 


'JEDEC Registered Data. 
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If - INPUT FORWARD CURRENT - 



6 8 10 12 14 16 18 20 

If ■ PULSE INPUT CURRENT - mA 


Figure 3. Propagation Delay, and tp(_H 
vs. Pulse Input Current, I pm 


If - INPUT DIODE FORWARD CURRENT mA 

Figure 4. Input-Output Characteristics 



Figure 5. Propagation Delay vs. Temperature 


*JEDEC Registered Data. 
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Figure 7. Recommended Circuit Board Layout. 

TABLE IV TXV Preconditioning and Screening —100% 


High Reliability Test Program 

Hewlett Packard provides standard high reliatHlity test pro¬ 
grams, patterned after MIL-M-38510. 

• The TXV suffix identifies a part which has been precondi¬ 
tioned and screened per Table IV. 

• The TXVB suffix identifies a part which has been precondi¬ 
tioned and screened per Table IV, and comes from a lot 
which has been subjected to the Group B tests detailed in 
Table V. 

Part Number System 




With TX 

Plus Group s 



SNmTXVB 


Exarntnationor 






4"% 


1. Pre-Cap ViSMaMrtcpection ^ ^ ^ 

:% Elect^cel tistJ 


PM' 


4, Temperature Cycling' = 

/'S;' ■ Acce,1er|rtiQri.'''’':^';V\ 

' Helium L^k Teet>:.^ 

7.' GroesAeikTest ''/ 'k'-VJ' 

B. Electrical Test; Vq^ ^ 

' = 9* Burn-In ' : - ' 

10v Elecu^lial Test: Sanr» as Step 2 

It, Evaluate Drift , "t, -- 

iZ Sample Electrical Te»: *CCH* ^CCL 

13. Sample Electrical Testt Iqh* Vot» ^CCHf ICCL 

14. Sample Electrical Test: tpLH^fPHt 

15. External Visual \ 














Conditions, . 

Per Table II, Ta ^IB'^C 
t68hrs,@l6<fC 
-65^C to+160^C 
5KG, Y| 

Test Cond. A r 

Test Cond. C ' ' ; "'1' 

Per Table II, - 

1^ hrs., T/^-128 “.C,-, 
Vc(r5.8V, lp-?13mA, lo^^mA 

' Max, AV 0 j_^',’«'±2©%''' 

PerTaWe M, LTPD « 7,7^^ -5^C 
Per Table II, LTPD - 7, TA 25‘'C 
Per Table M, T^ ^ 25“C, LTPD * 7 



TABLE V, GROUP B 






Examination or Test ; ' . ' v= 



LTPD 

Subgroupt , ^ 

Physical Dimensions ^ v ' 



15 

' " Subgroup'2 , 

" 'Solderability - '• ^ 


^iS^yismrh'ofybody, 16, / , r'' 

<^^jSiwli^tldne=E''4 ^ -r ■{: jy^, y: 

20 

'-.Subgroup.3 "■ ".."'yy'y 



15 

TwnperatureCyclIng, y , i . 


""-v: ~'vy/-y ' 


Thermal Shock " 


yy:'ir':>y" ' y 


Hermetic Seal, Fine Leak 


^yy' 


Hermetic Seal, Gross ;|j|Bk 


,y;; y' 


End Points: iQHr Vql* iCCH^ ICCL/ Vp, 

4'y:yiV yy 

Cy.':- ',y,Av>. ^ 


BVpj/lt-P^ \ 




Subgroup 4 

Shock, non-operating 


. "y'y^S^.G, t ^ 0^5 ms, 5 blows in each orientation 
Ki,Vi,Y2 

15 

Constant Acceleration < 

End Points: Same as Subgroup 3 


A6i<a,Yt^ ’ '>\ \ 


Subgroups 



IS 

Terminal Strength, tension v >- 
Subgroups : 

2004 



.H1gh.Temperature\,Ufe.'''yA.Vy 

End Points: Same ss Subgroup 3 

1008 

y lif^yi^iyytyyy^y -y ■ •: yy y ■ 

'y''k «'7 

Subgroup? 


y ' s, ^ '" 


Steady State Operating Life 

End Points: Same as Subgroup 3 

iooii'.yy%| 

.r ^:y 3i Si^io^ 

: ' X«7 


OPTO- 

COUPLERS 


















HEWLETT 

PACKARD 


HERMETICALLY SEALED, 
FOUR CHANNEL, 
LOW IN^T CI^RENT 
OPTOCOUPLER 


T^/Ni_i|wll/-v A I r\ATA iLJAn/^LJ HO 


TECHNICAL DATA MARCH 1980 



2.29 f.090) O.S1{.0201 
2,79 jJTO) MAX. 


DiMEN$iONS IN MltLIMETERS 
AND {INCHES), 



OutHtie Drawing* 


Features 


Description 


• HERMETICALLY SEALED 

• HIGH DENSITY PACKAGING 

• HIGH CURRENT TRANSFER RATIO: 500% 
TYPICAL 

• CTR AND loH GUARANTEED OVER -55^C 
TO lOO^C AMBIENT TEMPERATURE RANGE 

• STANDARD HIGH RELIABILITY SCREENED 
PARTS AVAILABLE 

• 1500 Vdc WITHSTAND TEST VOLTAGE 

• LOW INPUT CURRENT REQUIREMENT; 0.5 mA 

• LOW OUTPUT SATURATION VOLTAGE: 0.1V 
TYPICAL 

• LOW POWER CONSUMPTION 

• HIGH RADIATION IMMUNITY 

Applications 

• Isolated Input Line Receiver 

• System Test Equipment Isolation 

• Digital Logic Ground Isolation 

• Vehicle Command/Control Isolation 

• EIA RS-232C Line Receiver 

• Microprocessor System Interface 

• Current Loop Receiver 

• Level Shifting 

• Process Control Input/Output Isolation 


The 6N140 contains four GaAsP iight emitting diodes, 
each of which is opticaiiy coupied to a corresponding 
integrated high gain photon detector. A common pin for 
the photodiodes and first stage of each detector iC (Vcc) 
permits iower output saturation voitage and higher speed 
operation than possibie with conventionai photo- 
darlington type optocouplers. Aiso, the separate Vcc pin 
can be strobed iow as an output disabie or operated with 
suppiy voitages as iow as 2.0V without adverseiy affecting 
the parametric performance. 

The outstanding high temperature performance of this 
split Darlington type output amplifier results from the 
inclusion of an integrated emitter-base bypass resistor 
which shunts photodiode and first stage leakage currents 
to ground. 

The high current transfer ratio at very low input currents 
permits circuit designs in which adequate margin can be 
allowed for the effects of CTR degradation over time. 

The 6N140 has a 300% minimum CTR at an input current 
of only 0.5mA making it ideal for use in low Input current 
applications such as MOS, CMOS and iow power logic 
Interfacing or RS-232C data transmission systems. 
Compatibility with high voltage CMOS logic systems is 
assured by the 18V Vcc and by the guaranteed maximum 
output leakage (Ioh) at 18V. 

Important specifications such as CTR, leakage current, 
suppiy current and output saturation voltage are 
guaranteed over the-55° C to 100° C temperature range to 
allow trouble free system operation. 


*JEDEC Registered Data. 
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TABLE I 

Recommended Operating 
Conditions 



Symhot 

Min. 

Max. 

Units 

Ifiput Current^ Low Level 
(Each Channel) 

fFL 


2 

pA 

Input Current^ High Level 
(Each Channel) 

*FH 

0.5 

5 

mA 

Supply Voltage 

Vcc 

2.0 

18 

V 


TABLE II. 

Electricai Characteristics ta 


Absoiute Maximum Ratings* 

Storage Temperature . -65° C to+150° C 

Operating Temperature . -55°Cto+100°C 

Lead Solder Temperature . 260°Cfor10s. 

(1.6mm below seating plane) 

Output Current, lo (each channel) . 40 mA 

Output Voltage, Vo (each channel) . - 0.5 to 20 Vf] 

Supply Voltage, Vcc . -0.5to 20 Vl"'] 

Output Power Dissipation (each channel) ... 50mW[2] 
Peak Input Current (each channel, 

^1 msduration) . 20mA 

Average Input Current, Ip (each channel) . lOmAt^] 

Reverse Input Voltage, Vr (each channel) . 5V 


-55°Cto 100°C, Unless Otherwise Specified 





1 Parameter | 

Symbol 



Ri-o 



■i 

mm 


Ct-o 


■Hi 


wm 

InpuMnput Insulation 

Leakage Current 

iFi 


0.6 


nA 

Resistance (Input-Input) 

Rt-i 


1012 


a 

Capacitance (Input-Input) 

Cfi 


1 


PF i 

Temperature Coefficient 
of Forward Voltage 

AVf 

ATa 


-1.8 


mV/ 

°c 

Input Capacitance 

: ciN 


60 


pF 




NOTES: 1. Pin 10 should be the most negative voltage at the detector side. 

Keeping Vcc as low as possible, but greater than 2.0 volts, will provide 
lowest total Ioh over temperature. 

2. Output power is collector output power plus one fourth of total supply 
power. Derate at 1.25 mW/^C above 80° C. 

3. Derate If at 0.25 mA/°C above 80°C. 

4. Each channel. 

5. CURRENT TRANSFER RATtO is defined as the ratio of output 
collector current, lo, to the forward LED input current. Ip, times 100%. 

6. If=2/uA for channel under test. For all other channels, lF=10mA. 

7. Device considered a two-terminal device: Pins 1 through 8 are shorted 
together and pins 9 through 16 are shorted together. 


Vi~O=500 Vdc, Ta="25°C _ 

f«1MHz, Ta=25°C 


45% Relative Humidity, Vi-f 500 Vdc, ^ 

Ta=^ 25°C. t=5s. _ 

VM«500Vdc. Ta°25^C _ 9 

f^lMHz, Ta=^25°C _9_ 

lp=1.6mA 4 

f=1MH2, Vf=0>Ta^25° C 4 

8. Measured between each input pair shorted together and all output 

pins. 

9. Measured between adjacent input pairs shorted together, i.e. between 
pins 1 and 2 shorted together and pins 3 and 4 shorted together, etc. 

10. CMh is the maximum tolerable common mode transient to assure that 
the output will remain in a high logic state (i.e. Vo > 2.0V). 

11. CMl is the maximum tolerable common mode transient to assure that 
the output will remain in a low logic state (i.e. Vo < 0.8V). 

12. In applications where dV/dt may exceed 50,000 V/^s (such as a static 

discharge) a series resistor, Rcc, should be included to protect the 
detector IC’s from destructively high surge currents. The recom¬ 
mended value is Rcc = 1V kn. 

0.6 If (mA) 


JEDEC Registered Data. 
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AT,I^ »«,5wA., ^ 

(b » 0 . 6 mA;. '";;1 \ - 


NORMA tJZEDvTOi 
CTRATIp“0.6m|i,', 
Tj^ •iS’C ' 
■■Vcc-6V ' ■ 
-'Vo^OvAV-—- 


0 if/- 1^1 L J Mill ^-.J „ t 1 LIL 


- FORWARD VOLTAGE - V 


Figure 1. Input Diode Forward Current vs. 
Forward Voltage. 


Vq - OUTPUT VOLTAGE - V 

Figure 2. Normalized DC Transfer 
Characteristics. 


Ip - INPUT DIODE FORWARD CURRENT - mA 

Figures. Normalized Current Transfer 
Ratio vs. Input Diode Forward 
Current. 


51 


Ip - INPUT DIODE FORWARD CURRENT - mA 

Figure 4. Normalized Supply Current vs. 

Input Diode Forward Current. 


tip* 6mA ,\ ' 


T - INPUT PULSE PERIOD - ms 

Figure 5. Propagation Delay to Logic Low 
vs. Input Pulse Period. 


.Kfp'' *•. 1.6mA, lRj;"»tv 6 ltaf 


-40 -20 0 20 40 60 80 100 
T^ - TEMPERATURE - "C 

> 6. Propagation Delay vs. 
Temperature 


Mil' f't 

;~ .ifi«'-^L “ 


Ip - INPUT DIODE FORWARD CURRENT - mA 

Figure 7. Propagation Delay vs. Input Diode 
Forward Current. 



I HW007 J 
WtSi I 
9tN. I u 


P MONITOR O-^ 
100^4 


Figure 8. Switching Test Circuit.* 
(f,tp not JEDEC registered) 




= 80ns 

-90% 


SWITCH AT A: Ip = 0mA 


SWITCH AT B: 1,- 1.6mA ^ „ ?u'lTgEN. 

Figure 9. Test Circuit for Transient Immunity and Typical Waveforms. 



*CC-''F-'F'^2 

•f 'leak 


'V 

CO' 

'' ' \ 



>> 

^:>4nd* 


R2 MAY BE OMITTED IF I \>- ' 

ADDITIONAL FANOUT ' — I V I 

IS NOT USED. ^ -' 

Figure 10. Recommended drive circuitry 
using TTL logic. 


♦JEDEC Registered Data. 
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High Reliability Test Program 


Hewlett Packard provides standard high reliability test 
programs, patterned after MIL-M-38510 in order to 
facilitate the use of HP products in military programs. 

HP offers two levels of high reliability testing: 

• The TXV suffix identifies a part which has been 
preconditioned and screened per Table IV. 

• The TXVB suffix identifies a part which has been 
preconditioned and screened per Table IV, and comes 
from a lot which has been subjected to the Group B 
tests detailed in Table V. 


Part Number System 


.'''‘fyoduct: 

Wm TXV 






TABLE IV TXV Preconditioning and Screening — 100% 



Examination or Tes» 


-'■ Conditions' ■' 


'V'-^l^hode 



■ t; - 

Pre-Cap Visual Inspection - 

OE0 Procedure / 


• '"'t 

High Temperature Storage 

wa 

72hrL#160‘'C 

3. 

Temperature Cycling 

1010 

-'■V. -' 6 S*G;td.+ 1 S 0 '^C''' K'. \ „ 

4 

Acceleration 

2001 

SKG^Y-i 

5. 

Helium Leak Test 

1014 

Cond.A 

6 . 

Gross Leak Test 

. , ' . ' 1014 

■' Cond.:C ■ r; 

7. 

Electrical Test CTB, Iqh, IcCL' 

ICCH^Vf>BVb: 


26^ a per Table II' , 

a 

Burn-In 

."iOtS''-' 

Vq 0 « ISV^ If >“ SmA,, Iq « lOrnA 
■tW- 1 § 8 ,hrs:'WA«' 100 ''C , , 

' "'a 

Electrical Test: Same as step 7 and l|-o 


., T^-,^,:a®C,pet;Table'IL: 

ia 

Evaluate Drift 


Max.'/ACTB *?, ±'2S% '# Ip 1. 6 mA'. 

11 * 

Sample Electrical Test: CTB, ICCL^ ICCH 


Per table II, LTPO « 7, Ta « 


Sample Electrical Test: CTB, Iqh# IcCL» ICCW 


Per Table ll, LTPD i7, TA ** +100‘'C 

ta 

Sample Electrical Test: tpHL» *PLHr CMh, Cft^L 


Per Table il, LTPD 47 , Ta * 

14 

External Visual 

2009 



TABLE V, Group B 


Examination or Test 


MIL-STO-8S3 

LTPO 

H^bod 

Condition 

Subgroup 1 




Physical Dimensions 

Subgroup 2 

2016 

See Product Outline Drawing 

IS 

Solderablllty 

Subgroup 3 

2003 

Immersion within 2.5mm of body,: 

16 terminations 

20 

Temperature Cycling 

1010 

Test Condition C 

15 

Thsrmal Shock 

Hermetic Steal, fine Leak 

1011 

1014 

Test Coitdition A, 6 cycles 

Test Condition A 


Hermetic Seal, Gross Leak 

1014 

Test Condition C 


Endpoints: 




CTR, IOH» fCCU ^CCM. Vp, BVr 


= '•'Per Table H,;Ta* 


Sub0roup4 




Shock, non-operating 

m 2 

1500 G, t« 0.5 ms, 5 blows in each orientation 

TS- 



Xt,Yi,Y2 


Constant Acceleration 

2001 

5KG, Y^ ^ V . 


End Points: 

Same as Subgroup 3 




^bgroup 6 




Terminal Strength, tension 

2004 

Test Condition A, 4.5N {1 Ib.), 15s* 

15 

Sul^roupS 




High Temperature Life ! 

End Points: 

Sterne as Subgroup 3 

Subgroup 7 

1008 

Ta ~ ISO'^C, non-operating 

, ' ■ ' . ' s 

X*ib 

Steady State Operating Life 

End Points: 

Same as Subgroup 3 

1005 

Vcc “ 18V, Ip « SmA, io » 10mA, Ta 100° C 

X'^io 
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HEWLETT 

packAbo 




« TXV , 
4lffi5 TXVB 


TECHNICAL DATA MARCH 1980 


TYP6 V, VS) 





? m 1 tpgNTtPlEfl 



MAX. " 


, \ ,mimi 

mfi. t 



. ■ J ■ y@9) 0'51 L6Z0) L 

rl' , MAX. 


DIMERISIONS IN MlttlMETRES AND (INCHES). 




Outline Drewir^ 



Features 


• HERMETICALLY SEALED 

• HIGH SPEED: TYPICALLY 400k bit/s 

• PERFORMANCE GUARANTEED OVER-55° C 
TO +125° C AMBIENT TEMPERATURE RANGE 

• STANDARD HIGH RELIABILITY SCREENED 
PARTS AVAILABLE 

• 2 MHz BANDWIDTH 

• OPEN COLLECTOR OUTPUTS 

• 18 VOLT Vcc 

• DUAL-IN-LINE PACKAGE 

• 1500 Vdc WITHSTAND TEST VOLTAGE 

• HIGH RADIATION IMMUNITY 


Applications 

• HIGH RELIABILITY SYSTEMS 

• LINE RECEIVERS 

• DIGITAL LOGIC GROUND ISOLATION 

• ANALOG SIGNAL GROUND ISOLATION 

• SWITCHING POWER SUPPLY FEEDBACK 
ELEMENT 

• VEHICLE COMMAND/CONTROL 

• SYSTEM TEST EQUIPMENT 

• LEVEL SHIFTING 


Description 


The 4N56 consists of two completely isolated opto- 
couplers in a hermetically sealed ceramic package. Each 
channel has a light emitting diode and an integrated 
photon detector providing 1500 Vdc electrical isolation 
between Input and output. Separate connections for the 
photodiodes and output transistor collectors improve the 
speed up to a hundred times that of a conventional photo¬ 
transistor optocoupler by reducing the base-collector 
capacitance. 


The 4N55 Is suitable for wide bandwidth analog 
applications, as well as for interfacing TTL to LSTTL or 
CMOS. Current Transfer Ratio (CTR) is 9% minimum at Ip 
= 16mA over the full military operating temperature range, 
-55° C to +125°C. The 18V Vcc capability will enable the 
designer to interface any TTL family to CMOS. The 
availability of the base lead allows optimized gain/ 
bandwidth adjustment in analog applications. The 
shallow depth of the IC photodiode provides better 
radiation immunity than conventional phototransistor 
couplers. 
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Absolute Maximum Ratings 

Storage Temperature . -65°C to+150°C 

Operating Temperature . -55°C to +125°C 

Lead Solder Temperature . 260°C for 10 s 

(1.6mm below seating plane) 

Average Input Current, Ip (each channel) . 20mA 

Peak Input Current, Ip (each 

channel, < 1ms duration) . 40mA 

Reverse Input Voltage, Vr (each channel) . 5V 

Input Power Dissipation (each channel) . 36mW 

Average Output Current, lo (each channel) . 8mA 

Peak Output Current, lo (each channel) . 16mA 

Supply Voltage, Vcc (each channel) . -0.5V to 20V 

Output Voltage, Vo (each channel) . -0.5V to 20V) 


Emitter Base Reverse Voltage, Vebo . 3.0V 

Base Current, Ib (each channel) . 5mA 

Output Power Dissipation (each channel) . 50mW 

Derate linearly above 100° C free air 
temperature at a rate of 1.4mW/°C. 

TABLE I. 

Recommended Operating 
Conditions (each channel) 


./'input .p.urre'nL-.Cb^ Leyef."' 
' '(Supply ;'Vptlage' 


$ynitK)i Mitlr lUltlL lllllti 

;f tplf- j ^-4 /! \ 

-'a:. 


TABLE II. 

Electrical Characteristics 


Ta = -55° 0 to +125° C, unless otherwise specified 


kubbhi 

,-CXR;;- 


: 20 


% 

lF=i6mA. Vo=0;4V, Vcc=4.5V 

HiilBBil 

Logic High Output Current 

joH- 



Ido 

>A 

If«0, If (other channel)«20mA 
Vo^Vcc^18V 

4 

1 

Output Leakage Currpnt 

iOHI 


70 

250 

>A- 

If~250mA, If (Other Channel)=20mA 
Vo=Vcc-t8V 

4 

1 

Logic Low Supply Current 

iCCL 


35 

200 

mA 

lFi=^lF2=20mA, Vcc=^18V | 

5 

1 


Lq 0 Ic High Supply Current 

Input Forward Voltage 

Input Reverse Breakdown 
Voltage 

Input-Output Insulation 
Leakage Current 


lp=OmA, If 

Vcc^tSV 

lp*20mA 

lR*10/iA 

45% Relati 
Ta=26°C, 


(other channe 


/e Humidity, 

-5s, Vi^o=1500Vdc 


Propagation Delay Time 
to Logic High at Output 

tPLH 


2.0 

6.0 

MS 

ni^8.2Ka. CL=50pF 
lF=16mA, Vcc*5V 

6.9 

1 

Propagation Delay Time 
to Logic Low at Output 

tPHL 


0.4 

2.0 

MS 

Rt»= 8 , 2 Kn, CL==50pF 

If® 16mA, Vcc=5V 

6.9 

1 

Notes: 





*AII typicals at Ta 

=25° C. 


1. Each channel. 

2. Current Transfer Ratio is defined as the ratio of output collector current, lo, to the forward LED input current, Ip, times 100%. CTR is 
known to degrade slightly over the unit’s lifetime as a function of input current, temperature, signal duty cycle and system on time. 
Refer to Application Note 1002 for more detail. In short it is recommended that designers allow at least 20-25% guardband 

for CTR degradation. 

3. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together. 



Vf - INPUT FORWARD VOLTAGE - V 
Figure 1. Input Diode Forward Characteristic. 


-_Vcc* 
Ta - 

n 

5V 

25"C 

r" 


u 














k* 

E= 

E 

= 


0 2 4 6 8 10 12 14 16 18 20 

Vo - OUTPUT VOLTAGE - V 

Figure 2. DC and Pulsed Transfer Characteristic 
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TABLE III. 


Typical Characteristics at Ta=25°C 


Paratneter 

Symbol 

Typ. 

Units 

Test Conditions 

Fig. 

Note 

Temperature Coefficient 
of Forward Voltage 

AVf 

^Ta 

-1.9 

mV/^C 

Ip^lSmA 


B 

Input Capacitance 

Cin 

120 

PF 

f-1 MHz, Vf=0 


n 

Beeistance (Input-Output) 

R|-0 

1012 

a 

Vi~o=500 Vdc 


n: 

Capacitance (Input-Output) 

Cwo 

1.0 

pF 

f===1 MHz 


Bl 

Input-Input Insulation 
leakage Current 

Im 

1 

pA 

45% Relative Humidity, 

Vi-i=500Vdc, t===5s 



Capacitance (Input-Input) 

Ci~( 

.55 

PF 

f=1 MHz 


5 

Transistor DC Current Gain 

hFE 

260 

.... 

Vo=5V, lo=3mA 


1 

Small Signal Current 

Transfer Ratio 

Alo 

AIf 

21 

% 

Vcc=5V, Vo=2V 

7 

1 

Common Mode Transient 

Immunity at Logic High 

Level Output 

CMh 

1000 

V/ms 

lF==0, RL=8.2ka 

VcM“10Vp^p 

10 

1,6 

Common Mode Transient 

Immunity at Logic Low 

Level Output 

CMl 

-1000 

V/ms 

lF=16mA. RL=8.2ka 

VcM^10Vp~p 

10 

1,7 

Bandwidth 

BW 

2 

MHz 

RL=iooa 

8 

8 


Notes (cont.): 

4. Measured between each input pair shorted together and the output pins for that channel shorted together. 

5. Measured between pins 3 and 4 shorted together and pins 7 and 8 shorted together. 

6. CMh is the steepest slope (dV/dt) on the leading edge of the common mode pulse, Vcm, for which the output will remain in the 
logic high state. 

7. CMl is the steepest slope (dV/dt) on the trailing edge of the common mode pulse, Vcm, for which the output will remain in the 
logic low state. 

8. Bandwidth is the frequency at which the ac output voltage is 3dB below the low frequency asymptote. 




-60 -40 -20 0 20 40 60 80 100 120 140 


If - INPUT DIODE FORWARD CURRENT - mA 


Ta - TEMPERATURE-°C 


Figure 3. Normalized Current Transfer Ratio vs. Input Diode 
Forward Current. 


Figure 4. Logic High Output Current vs. Temperature. 
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NORMALIZED SMALL CURRENT TRANSFER RATIO tp - PROPAGATION DELAY-/is £• IccL - LOGIC LOW SUPPLY CURRENT - mA 



Figure 7, 












Vo " <r-— ^ . ■■■ — . . 5V 

SWITCH AT A: Ip = 0mA 


Vo .— ^ - - 

SWITCH AT B: lF=16mA 



Vcc 



LOGIC GATE 


LOGIC FAMILY 

LSTTL 

CMOS 

DEVICE NO. 

54LS14 

CD40106BM 

Vcc 

5V 

5V 

15V 

Rl 5% 

TOLERANCE 

♦iBIduS 

8,2ka 

22ktl 


•THE EQUIVALENT OUTPUT LOAD RESISTANCE IS AFFECTED 
BY THE LSTTL INPUT CURRENT AND IS APPROXIMATELY 8.2kn. 


This is a worst case design which takes into account 25% 
degradation of CTR. See App. Note 1002 to assess actual 
degradation and lifetime. 


Figure 10. Test Circuit for Transient Immunity and 
Typical Waveforms. 


Figure 11. Recommended Logic Interface. 


High Reliability Test Program 

Hewlett-Packard provides standard high reliability test 

programs, patterned after MIL-M-38510. 

• The TXV suffix identifies a part which has been 
preconditioned and screened per Table IV. 

• The TVXB suffix identifies a part which has been 
preconditioned and screened per Table IV, and 
comes from a lot which has been subjected to the 
Group B tests detailed in Table V. 


Part Number System 


Commercial 

Product 

With TXV 
Screening 

With TXV 
Screening 

Plus Group B 

4N65 

4N55TXV 

4N55TXVB 


Vcc Vcc 

+5.5V +3.5V 



Burn-in-Circuit 


102 




TABLE IV. TXV PRECONDITIONING AND SCREENING - 100% 


Examlnallon or Test 

MiL-STO-883 

Methods 

Conditions 

1v Pre-Cap visual Inspection 

2010 

Condition 8 

2. High Temperature 

1008 

24Hrs, @150°C 

3, Temperature Cycling 

1010 

66°C to 4160^0 

4, Acceleration 

2001 

5l<G,Yt 

5. Helium Leak Test 

1014 

Test Condition A 

6. Gross Leak Test 

1014 

Test Condition C 

7> Electrical Test: CTR 


Per Table II, Ta^ 25"C 

8, Burn-In 

1015 

168 Hrs., Ta =« 125^C 

9. Electrical Test: 


Vcc = 5.5V, If 20mAv Voc * 3.5V 
Rt==270n 

CTR, loH, Icct, ICCH, Vf, BVr, I|-o 


Per Table il, Ta = 25"C 

10. Evaluate Drift 


Max. ACTR « ±20% 

11. Sample Electrical Test: 



tOH, ICCH, ICCL, CTR, Vf, BVr 


Per Table II, LTPD == 5, Ta === -55^C 

12. Sample Electrical Test: 

lOH, ICCH, ICCL, CTR, Vf, BVr 


Per Table 11, LTPD = 5, Ta = ±125" C 

13. Sample Electrical Test: 
tPHt, tpLH 


Per Table 11, Ta = 25" C, LTPD ^ 5 

14. External Visual 

2009 



TABLE V. GROUP B 



MIL-STD-883 I 


Examination or Test 

Method 

Condition 

LTPD 

Subgroup 1 



15 

Physical Dimensions 

Subgroup 2 

2016 

See Product Outline Drawing 

20 

Solderability 

2003 

Immersion within 2,5mm of body, 16 
terminations 


Subgroup 3 



16 

Temperature Cycling 

1010 

Test Condition C 


Thermal Shock 

1011 

Test Condition A 


Hermetic Seal, Fine Leak 

1014 

Test Condition A 


Hermetic Seal, Gross Leak 

1014 

Test Condition C 


End Points: Iqh, CTR, IccH, IccL, Vp, 


Per Table II, Ta-25"C 


BVr, Iho 




Subgroup 4 



15 

Shock, non-operating 

2002 

1500 G, t = 0,5 ms, 5 blows In each orientation 
Xi,Yi,Y2 


Constant Acceleration 

End Points: Same as Subgroup 3 

2001 

5KG, Yi 


Subgroup 5 

Terminal Strength, tension 

Subgroup 6 

2004 

Test Condition A, 4.6N (1 lb.), 15s 

15 

High Temperature Life 

End Points: Same as Subgroup 3 

1008 

Ta=150"C 

X*7 

Subgroup 7 




Steady State Operating Life 

1005 

Vcc == 5V. If = 20mA. Ta = 125" C ^ 

X = 7 

End Points: Same as Subgroup 3 


Vcc === 3.5V, Rl = 270n 















• Selection Guld^ ............... 106 

• Red, High Efficien<^ Red, Yellow 


and Green Lamps 

• Integrated Lamps 

• Hermetically Sealed Lamps 

• Panel Mounting Kit 
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High Efficiency Red, Yellow, Green LED Lamps 



106 




See Page 111 for Notes. 
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High Efficiency Red, Yellow, Green Light Bar Modules 


Device 


Package Outline Drawing 


Part No. 


Color 


Description 


Package 


Lens 


Typical 

Luminous 

Intensity 


201/2 til 


Typical 

Forward 

Voltage 


Page 

No. 




HLMP-2300 


High 

Efficiency 

Red 

(635 nm) 


4 Pin In-Line; .100” Red 
Centers; .400"L x Diffused 
.195”W X .240”H 


7 mcd @ 20mA 


(Not 1.9 Volts 
Appli- @ 20mA 
cable) 


135 


HLMP-2400 


Yellow 
(538 nm) 


Yellow 

Diffused 


5 mcd @ 20mA 


2.0 Volts 
@ 20mA 


HLMP-2500 


Green 


(565 nm) 


Green 

Diffused 


3.5 mcd @20mA 


2.1 Volts 
@ 20mA 


HLMP-2350 


High 

Efficiency 

Red 

(635 nm) 


8 Pin In-Line; .100” Red 
Centers; .800”L x Diffused 
.195”Wx .240”H 


15 mcd @20mA 


1.9 Volts 
@ 20mA 



HLMP-2450 Yellow 
(538 nm) 


HLMP-2550 Green 

(565 nm) 


Yellow 11 mcd @ 20mA 

Diffused 


Green 7.5 mcd @ 20mA 

Diffused 




HLM P-2600 


High 

Efficiency 

Red 


(635 nm) 


HLMP-2700 


Yellow 


(538 nm) 


HLMP-2800 


Green 


(565 nm) 


8 Pin DIP; .100” 
Centers; .400 L x 
.400"W X .240”H; 
Dual Arrangement 


Red 

Diffused 


7 mcd @ 20mA 


Yellow 5 mcd @ 20mA 

Diffused 


Green 3.5 mcd @ 20mA 

Diffused 




HLMP-2620 


High 

Efficiency 

Red 


(635 nm) 


HLMP-2720 


Yellow 


(538 nm) 


HLMP-2820 


Green 


(565 nm) 


16 Pin DIP;.100” 
Centers; .800”L x 
.400”W X .240”H; 
Quad Arrangement 


Red 

Diffused 


7 mcd @ 20mA 


Yellow 5 mcd @ 20mA 

Diffused 


Green 3.5 mcd @ 20mA 

Diffused 


2.0 Volts 
@ 20mA 


2.1 Volts 
@ 20mA 


2.2 Volts 
@ 20mA 


2.1 Volts 
@ 20mA 


2.2 Volts 
@ 20mA 


See Page 111 for Notes. 
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Modules (continued) 





Lens 

Luminous 

Intensity 

Red 

Diffused 

14 mcd @20mA 

Yellow 

Diffused 

10 mcd @20mA 

Green 

Diffused 

7 mcd @ 20mA 

Red 

Diffused 

14 mcd @20mA 

Yellow 

Diffused 

10 mcd @ 20mA 

Green 

Diffused 

7 mcd @ 20mA 

Red 

Diffused 

14 mcd @20mA 

Yellow 

Diffused 

10 mcd @20mA 

Green 

Diffused 

7 mcd @ 20mA 

Red 

Diffused 

28 mcd @20mA 

Yellow 

Diffused 

20 mcd @ 20mA 

Green 

Diffused 

14 mcd @ 20mA 


SOLID STATE 
LAMPS 






Red LED Lamps 


Package Outline Drawing Part No. 


Typical Typical 

Luminous Forward 

Intensity Voltage 


Red T-1%^' 

(655 nm) 


0.8 mcd @20mA 


1.6 Volts 
@ 20mA 


1.4 mcd @20mA 



1.2 mcd @20mA 


0.7 mcd @20mA 


1.2 mcd @20mA 


0.7 mcd @20mA 


0.8 mcd @20mA 


Clear 

Non-Diffused 


1.3 mcd (5) 20mA 



T-1 % 

Low Profile 


Clear 

Non-Diffused 


1.8 mcd @20mA 


Clear 

Non-Diffused 


1.2 mcd @ 20mA 


2.5 mcd @ 20mA 


1.4 mcd @20mA 


0.8 mcd @20mA 


Clear 

Non-Diffused 



See Page 111 for Notes. 





Red LED Lamps (continued) 


Device 

Description 

Typical 

Luminous 

Intensity 

201/2 111 

Typical 

Forward 

Voltage 

Page 

No. 

Package Outline Drawing 

Part No. 

Color 

Package 

Lens 

CTk, d) 

5082-4487 

Red 

(655 nm) 

T-1 

Low Profile^'*^ 

Clear 

Non-Diffused 

0.8mcd @20mA 

120° 

1.6 Volts 
@20mA 

149 

5082-4488 

Guaranteed Min. 
0.3 mcd @20mA 


5082-4100 

Subminiature 

Radial Leads 

Red 

Diffused 

_ 

0.5 mcd @ 10mA 

45° 

1.6 Volts 
@ 10mA 

131 

5082-4101 

10 mcd @ 10mA 


HLM P-6203 

HLMP-6204 

HLMP-6205 

Subminiature Array 

Radial Leads 

153 


Integrated LED Lamps 


Device 

Description 

Typical 

Luminous 

Intensity 

20/2^’’ 

Typical 

Forward 

Voltage 

Page 

No. 

Package Outline Drawing 

Part No. 

Co lor‘2’ 

Package 

Lens 

/ 


HLM P-3600 

High Eff. 
Red 

(635 nm) 

T- 1%^^’ 

Red 

Diffused 

2.4mcd @5V 

90° 

15mA 

@5V 

155 

HLMP-3650 

Yellow 

(538nm) 

Yellow 

Diffused 

HLM P-3680 

Green 
(565 nm) 

Green 

Diffused 

1.8 mcd@5V 


HLMP-3105 

Red 

(655 nm) 

Red 

Diffused 

1.5mcd@5V 

20mA 

@5V 

157 

HLMP-3112 

14mA 

@12V 


5082-4860 

0.8 mcd @5V 

58° 

16mA 

@5V 

159 

( —-r (r “ i) 

V —^-' \v 0 yJ 


5082-4468 

1 T-1'"J 

Clear 

Diffused 

70° 

\— , n — 1 V-Rd/ 

5082-4732 

Red 

Diffused 

0.7 mcd @2.75V 

95° 

13mA 

@2.75V 

161 

[ZZ^C^ 


HLMP-6600 

Subminiature; 

Radial Leads 

2.4 mcd @5V 

90° 

9.6mA 

@5V 

163 


HLMP-6620 

0.6mcd@5V 


3.5mA 

@5V 


NOTES: 


1. 0y2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. Peak Wavelength 

3. Panel Mountable. For Panel Mounting Kit, see page 171. 

4. PC Board Mountable 

5. Military Approved and qualified for High Reliability Applications. 
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Hermetically Sealed and High Reliability LED Lamps 


Description 


Package Outline Drawing 


Part No. 


Colorful 


Package 


Lens 


Minimum 

Luminous 

Intensity 


201/2 [11 


Typical 

Forward 

Voltage 


Page 

No. 



1N 5765 

JAN lN5765t5l 


Red 

(655 nm) 


Hermetic/T0-46f^^ 


Red 

Diffused 


0.5 mcd @ 20mA 


70° 


1.6 Volts 
(3> 20mA 


165 



JANTX1N5765 [51 


IN 6092 


High 

Efficiency 

Red 


1.0 mcd @ 20mA 


2.0 Volts 
@ 20mA 


(635 nm) 


JAN 1N6092f5l 



JANTX 1N6092 

1N6093 

JAN 1N6093[5] 
JANTX 1N6093 

IN6094 
JAN 1N6094[51 


[51 


Yellow 
(583 nm) 


[5] 


Green 
(565 nm) 


Yellow 

Diffused 


Green 

Diffused 


0.8 mcd @ 25mA 


JANTX 1N6094 [51 



5082-4787 
HLM P-0930 [51 
HLM P-0931 t5] 


Red 

(655 nm) 


Panel Mount 
Version 


Red 

Diffused 


0.5 mcd @ 20mA 


5082-4687 


M 19500/519-01 [5] 


High 

Efficiency 

Red 

(635 nm) 


1.0 mcd @20mA 



M 19500/519-02 

5082-4587 

M 19500/520-01 
M 19500/520-02 

5082-4987 


Yellow 
(583 nm) 


[51 

[5] 


Green 
(565 nm) 


M 19500/521-01 [51 
M 19500/521-02® 


Yellow 

Diffused 


Green 

Diffused 


0.8 mcd @25mA 


2.1 Volts 
@ 20mA 


1.6 Volts 
@ 20mA 


2.0 Volts 
@ 20mA 


2.1 Volts 
@ 20mA 


See Page 111 for Notes. 
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HEWLETT 

PACKARD 


SOLID STATE LAMPS 


HIGH EFFICIENCY RED 
YELLOW 
GREEN 


SQ82-4650 Series 
S08245SQ Series 
5082-4950 Series 


TECHNICAL DATA MARCH 1980 


Features 

• HIGH INTENSITY 

• CHOICE OF 3 BRIGHT COLORS 

High Efficiency Red 

Yellow 

Green 

• POPULAR T-1% DIAMETER PACKAGE 

• LIGHT OUTPUT CATEGORIES 

• WIDE VIEWING ANGLE AND NARROW 
VIEWING ANGLE TYPES 

• GENERAL PURPOSE LEADS 

• 1C COMPATIBLE/LOW CURRENT 
REQUIREMENTS 

• RELIABLE AND RUGGED 


Description 



CATHODE J L _ 2.54 C.10) 

AIOT8& 1 r HOM. 

t. Ati CIMEWSKWS ARC IN MaUIMETRgS (INCH6SI. 

2. , SltVER RLATKO LEADS, SEE APPLICATION 8ULLETIN 3. 
$. AN EPOXY ISIENISCDS MAY EXTEND ABOUT lirtm 

L0<to*"i down The leads. 



The 5082-4650 and the 5082-4550 Series lamps are 
Gallium Arsenide Phosphide on Gallium Phosphide 
diodes emitting red and yellow light respectively. The 
5082-4950 Series lamps are green light emitting Gallium 
Phosphide diodes. 

General purpose and selected brightness versions of both 
the diffused and non-diffused lens type are available in 
each family. 

Package Dimensions 



1 





' ' ' 


Part 

Nymber 

5082- 

A{)piioatloii 

Lens 

Color 

4660 

Indicator- 
General Purpose 

Diffused 


4655 

Indicator — 

High Ambient 

Wide Angle 

High 

Efficiency 

Red 

4657 

jllumlnator/PoInt 

Source 

Non Diffused 

4658 

lUumihator/High 

Brightness 

Narrow Angle 


4550 

Indicator 

General Purpose 

Diffused 


4555 

Indicator — 

High Ambient 

Wide Angle 

Yellow 

4567 

Illuminator/Point 

Source 

Non-Diffused 

4558 

llluminator/High 

Brightness 

Narrow Angle 


4950 

Indicator — 
General Purpose 

Diffused 


4965 

Indicator — 

High Ambient 

Wide Angle 

Green 

4967 

Illuminator/Point 

Source 

Non-D iff used 

4958 

Illuminator/High 

Brightness 

Narrow Angle 
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Electrical Characteristics at Ta=25°C 


Symbol 

Descriptioii 

Device 

S082- 

Min. 

typ. 

Max. 

Units ^ ^ 




4650 

1.0 

2.0 



H'f 

Iv 

Luminous Intensity 

4655 

3.0 

4.0 






4657 

9.0 

12,0 






4658 

T5.0 

24.0 






4550 

T.O 

1.8 






4555 

2.2 

3.0 






4557 

6.0 

9.0 


mcd. 




4558 

12,0 

16.0 






4950 

1,0 

1.8 






4955 

2.2 

3.0 






4957 

6,0 

9.0 


mcd. 




4958 

12.0 

16.0 




2©i/a 

Included Angle 

4650 


90 





Between Half 

4655 


90 





Luminous Intensity 

4657 


35 


.^beg;'-:-' 



Points 

4658 


35 



See Note 1 (Fig. 6) 



4550 


90 






4555 


90 






4557 


35 


Deg. 




4558 


35 






4950 


90 






4955 


90 






4957 


30 


Deg. 

Ip = 20mA 



4958 


30 



See Note 1 (Fig. 16) 

^EAK 

Peak Wavelength 

4650s 


635 


nm 

Measurement at Peak 



4550s 


583 



IPIg.1l 



4950s 


565 





Dominant Wavelength 

4650s 


626 


nm 

See Note 2 (Fig.l) 



4550s 


585 






4950s 


572 





Speed of Response 

4650s 


90 


ns 




4550s 


90 






4960s 


200 




c 

Capacitance 

4650s 


16 1 


PF 

VF»0/f = 1 MHz 



4550$ 


18 






4950s 


18 




@JC 

Thermal Besistance 

4650s 


135 


^C/W 

J« ncdpn td CJatWdde 



4550s 


135 1 



/ LeadJt;®Ba1:i,^''0ane', 



4950s 


145 i 



- - '' 4 '^:'-' ' 

Vf 

Forward Voltage 

4650s 


2.2 i 

3,0 

V 




4550s 


2.2 

3.0 





4950s 


2.4 

3.0 


lF « 20riiA Fig.:12) 

BVr 

Reverse Breakdown Volt, 

All 

5.0 



V 



Luminous Efficacy 

4650s 


147 


lumensAvatt 

See Note 3 . 



4550s 


570 



':. / ,‘ 



4950s 


665 





NOTES: 

1. ©i/j is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, A-d, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation le==lv/^v. where ly is the luminous intensity in candelas and rj^is the luminous 
efficacy in lumens/watt. 
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Absolute Maximum Ratings at Ta=25°C 


Power DItsIpatlon 


DO ForwardiCMfrent 


Pftk 


Operating anci Storage Temperature Pange 


teact Solder Terriperature (I6mm{0,0a3 
inch] below package bMe) 


1. Derate from 50° C at 0.2mA/°C 

2. Derate from 50®C at 0.4mA/®C 


High Efficiency Bed 
4eao Seifet 

120 

20n3 


■/ ; m - ' 


Yeiiow Oi 

4SS0 Series 4050 

120 1 

___ 


60 

(Fig. 10) 


-55^0 to ’**100^0 


260* C for 5 seconds 


Oreen 
4050 Series 

120 

3012} 




Figure 1. Relative Intensity vs. Wavelength. 


High Efficiency Red 5082-4650 Series 



0 .5 1.0 1.5 2.0 2.5 3.0 

Vp - FORWARD VOLTAGE - V 

Figure 2. Forward Current vs. 
Forward Voltage 


D OC H E 

igli 3 


tW KW W|lt| 3KHijH'||!l /lOOH, 

t Wlllll A Lft l! A \ M l / l/Clilti 


10 100 1000 10,000 
P - PULSE DURATION-MS 


Figure 5. Maximum Tolerable Peak Cur¬ 
rent vs. Pulse Duration. (Idq MAX 
as per MAX Ratings.) 



Ip - FORWARD CURRENT - mA 

Relative Luminous Intensity 
vs. Forward Current. 









. 












/ 











K 





12 






Zl 










_i 



_ 






10 20 30 40 50 

•peak - peak current - mA 


Figure 4. Relative Efficiency 

(Luminous Intensity per Unit 
Current) vs. Peak Current. 




10” 20° 30° 40° 50° 60° 70° 80° 90° 100° 


Figure 6. Relative Luminous Intensity vs. Angular Displacement. 
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SOLID STATE 
LAMPS 





















Yellow 5082-4550 Series 



Figure?. Forward Current vs. Figured. Relative Luminous Intensity Figures. Relative Efficiency 

Forward Voltage. v$. Forward Current. (Luminous intensity per Unit 

Current) vs. Peak Current. 



tp - PULSE DURATION -ms 


Figure 10. Maximum Tolerable Peak Cur- Figure 11. Relative Luminous Intensity vs. Angular Displacement, 

rent vs. Pulse Duration. (Idc MAX 
as per MAX Ratings) 


Green 5082-4950 Series 




•peak - peak current - mA 


Figure 12. Forward Current vs. 
Forward Voltage. 



Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency 

vs. Forward Current. (Luminous Intensity per Unit 

Current) vs. Peak Current. 



Figure 15. Maximum Tolerable Peak Cur- Figure 16. Relative Luminous Intensity vs. Angular Displacement, 

rent vs. Pulse Duration. (Iqc MAX 
as per MAX Ratings) 
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HEWLETf 

PACKARD 


LOW PROFtE SCH.ID STATE LAMPS 

a^aaiiassiiaffiD', • :58B2-«9o:^^ 

• 5082-48MSERItS 
, ; Y6LU)W • HI824590SailES 

ilSSiSliiSlIieiBKN;- 


TECHNICAL DATA MARCH 1980 


Features 

• HIGH INTENSITY 

• LOW PROFILE: 5.8mm (0.23 In) NOMINAL 

• T-1V4 DIAMETER PACKAGE 

• LIGHT OUTPUT CATEGORIES 

• DIFFUSED AND NON-DIFFUSED TYPES 

• GENERAL PURPOSE LEADS 

• 1C COMPATIBLE/LOW CURRENT 
REQUIREMENTS 

• RELIABLE AND RUGGED 

• CHOICE OF 4 BRIGHT COLORS 

Red High Efficiency Red 
Yellow Green 

Description 

The 5082-4790/4791 are Gallium Arsenide Phosphide Red 
Light Emitting Diodes packaged in a Low Profile T-1% 
outline with a red diffused lens. 

The 5082-4690 Series are Gallium Arsenide Phosphide on 
Gallium Phosphide High Efficiency Red Light Emitting 
Diodes packaged in a Low Profile T-iy4 outline. 

The 5082-4590 Series are Gallium Arsenide Phosphide on 
Gallium Phosphide Yellow Light Emitting Diodes pack¬ 
aged in a Low Profile T-iy4 outline. 

Package Dimensions 




The 5082-4990 Series are Gallium Phosphide Green Light 
Emitting Diodes packaged In a Low Profile T-iy4 outline. 

The Low Profile T-iy4 package provides space savings and 
is excellent for backlighting applications. 


^ > 'Pm:-:. 


tens 

Color 


General Purpose 

Diffused 


mm 

- indtpater 

High Brightness 

Wide Angie 

High 

Efficiency 

Red 

^4 

: General Purpose 
Point Source 

Non-diffused 


High Brightness 
Ahfiuhclator 

Narrow Angle 


Am 

Indicator — 
General Purpose 

Diffused 


4592 

Indicator — 

High Brightness 

Wide Angle 

Yellow 

4595 

General Purpose 
Point Source 

Non-diffused 

4597 

High Brightness 
Annunciator 

Narrow Angle 


4990 

Indicator ^ 
General Purpose 

Diffused 


4992 

Indicator — 

High Brightness 

Wide Angle 

Green 

4995 

General Purpose 
Point Source 

Non-diffused 

4997 

High Brightness 
Annunicator 

Narrow Angle 


4790 

Indicator — 
General Purpose 

Diffused 

Red 

4791 

Indicator — 

High Brightness 

Wide Angle 
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Absolute Maximum Ratings at Ta=25°C 


Parameter-' 

Bed 

4790 Series 

Ht-Eff, Bed 
4690 Series 

Yellow 
45^ Series 

Green 
4990 Series 

Units 

v-.-l Dissipation^ 

100 

120 

120 

120 

mW 

DC Pofward Current 

50*’' 

20*’’ 

20'” 

30‘^' 

mA 

Peak Forward Current 

1000 

See Fig. 6 

60 

See Fig, 10 

60 

See Fig. 15 

60 

See Fig. 20 

mA 

Operating and Storage 
Temperature Range 

-55°Cto + 100°C 

Lead Solder Temperature 
(1.6mm {0.63 inch] 
from foody) 

260°C For 5 Seconds 


1. Derate from 50°C at 0.2mA/^C 

2. Derate from 50°C at 0.4mA/°C 



500 550 600 650 700 750 


WAVELENGTH - nm 

Figure 1. Relative Intensity versus Wavelength. 
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RED 5082-4790 SERIES 
Electrical Specifications at Ta=25°C 


Symbot 

Description 

Device 

5082- 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

■ 

Axial Luminous Intensity 

4790 


IB 

mu 

mod 


IBI 


m 

HH 


Included Angle Between 

Half Luminous Intensity 
Points 

■ 

■ 

60 

■ 

d^. 


^PEAK 

Peak Wavelength 



655 


nm 

Measurement #l^ak(Ftg.t} 

Xd 

Dominant Wavelength 



648 


nm 

■ Note'2 ; 

’’S 

Speed of Response 



15 


V'''ns ; 


C 

Capacitance 



too 


pp 

. VF:=0:f.»l 

^3C 

Thermal Resistance 



125 


°c/w 

dunctlon to Cathode Lead 1,6 mm 
(0,063 In.) from Body 

Vf 

Forward Voltage 



1.6 

2.0 

V 

If » 20mA (Fig. a 

BVr 

Reverse Breakdown Voltage 


3 

10 


V 

Ir«10C^A 

% 

Luminous Efficacy 



55 


Im/W 

Note 3 


Notes: 1. is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, X(j, is derived from the CIE 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity Ig, in watts/steradian may be found 
from the equation Ig = ly/^v. where ly is the luminous intensity in candelas and rjy is the luminous efficacy in lumens/watt. 



Figure 2. Forward Current versus 
Forward Voltage. 


Figure 3. Relative Luminous Intensity 
versus Forward Current. 



Figure 4. Relative Efficiency 
(Luminous intensity 
per Unit Current) 
versus Peak Current. 



1 









• 

V 










5 











d 








1 





















.4- 



A 

















.2- 






S, 













g 



Figure 5. Maximum Tolerable Peak Current versus Pulse 
Duration. (Ipc MAX as per MAX Ratings) 


Figure 6. Relative Luminous intensity versus 
Angular Displacement. 
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HIGH EFFICIENCY RED 5082-4690 SERIES 
Electrical Specifications at T,=25°c 


Symbol 


Description 


Min, typ. Wax. 


Test Conditions 


10mA (Fig.8) 


Motel (Fig. 11) 


Measurement @ Peak (Fig, 1) 


Note 2 


Vf:»0;f=*1 MHz 


Junction to Cathode Lead T.6mm 
10.063 in.) from Body 


2.2 3.0 V Ip « 10mA (Fig. 7) 

^. . 5.0 ■ V Ir - t0(^A 

I 7?v _ j i^uminous tiTicacy _|_ 147 Im/W Note 3 

Notes: 1. is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, \(j, is derived from the Cl E 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity Ig, in watts/steradian may be found 
from the equation Ig = l^/ny. where ly is the luminous intensity in candelas and rjy is the luminous efficacy in lumens/watt. 


Iv 

Axial Luminous Intensity 

20% 

Included Angle Between 

Half Luminous Intensity 

Points 

^PEAK 

Peak Wavelength 


Dominant Wavelength 

U 

Speed of Response 

C 

Capacitance 

0JC 

Thermal Resistance 

Vf 

Forward Voltage 

BVr 

Reverse Breakdown Voltage 

nv 

Luminous Efficacy 
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2.2 

3.0 



147 I 



Ta 




n 












/ 





2 




—1 







Iz 











- FORWARD VOLTAGE - V 


Figure 7. Forward Current versus 
Forward Voltage. 


If - FORWARD CURRENT - mA 

Figure 8. Relative Luminous intensity 
versus Forward Current. 



■S-l-S’ 1.0 10 100 1000 10,000 

tp - PULSE DURATION - ms 

Figure 10. Maximum Tolerable Peak Current versus Pulse 
Duration. (Iqq MAX as per MAX Ratings) 


■peak - peak current - mA 

Figure 9. Relative Efficiency 
(Luminous Intensity 
per Unit Current) 
versus Peak Current. 



Figure 11. Relative Luminous Intensity versus 
Angular Displacement. 
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YELLOW 5082-4590 SERIES 
Electrical Specifications at Ta=25'’C 

W&i. Typ. Wax. fast Cait^itlDni 






Axla[ Intensity 


IficNM Angle Between 
Half tMinous Inten^ty 
Points 


0oinir»r« Wavelength 


^jeed of Besponse 


Capacitance 


Thermal Resistance 


J^orv^^d Voltage 
Reverse Breakdown Voltage 
Luminous Efficacy 



Hote l (Pig. 16) 


Measurement # Pea k (P Ig. t) 


'Hote''2 v’V' 




Junction to Cathode Lead 1.6mm 
(0.063 in.) from Body 


lp >* 10mA (Pig. 12) 

''ifi:«,100juA.^ ;..^ ~ 

Note 3 


Notes: 1.is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, Xj, is derived from the Cl E 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity Ig, in watts/steradian may be found 
from the equation ig = ly/nv. where 1^ is the luminous intensity in candelas and rjy is the luminous efficacy in lumens/watt. 



— 

T^«26 

’C 


u/ 







/ 







1 





Vp - FORWARD VOLTAGE - V 

Figure 12. Forward Current versus 
Forward Voltage. 


■ .‘ fH if ' ^ ^ 


Ip - FORWARD CURRENT - mA 

Figure 13. Relative Luminous Intensity 
versus Forward Current. 


-PEAK CURRENT-mA 


Figure 14. Relative Efficiency 
(Luminous intensity 
per Unit Current) 
versus Peak Current. 



tp - PULSE DURATION - MS 

Figure 15. Maximum Tolerable Peak Current versus Pulse 
Duration. (Iqq MAX as per MAX Ratings). 


Figure 16. Relative Luminous Intensity versus 
Angular Displacement 
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GREEN 5082-4990 SERIES 
Electrical Specifications at Ta=25‘’c 


Symbol 

Description 

Device 

50S2- 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

Iv 

Axial Luminous Intensity 

4990 

4992 

4995 

4997 

2.0 

6.0 

3.5 

8.0 

4.5 

7.5 

6.5 
11.0 


mcd 

Ip = 20mA (Fig.18) 

28./, 

Included Angle Between 

Half Luminous Intensity 
Points 

4990 

4992 

4995 

4997 


50 

50 

40 

40 


deg. 

Notel (Fig,21) 

^PEAK 

Peak Wavelength 



566 


nm 

Measurement @ Peak {Fig. 1) 


Dominant Wavelength 



570 


nm 

Note 2 


Speed of Response 



200 


ns 


c 

Capacitance 



12 


pf 

Vp = 0,f=1 MHz 

8jC 

Thermal Resistance 



90 


“c/w 

Junction to Cathode Lead 1.6mm 
(0,063 in.) from Body 

Vf 

Forward Voltage 



2.4 

3.0 

V 

If = 20mA (Fig. 17) 

BVr 

Reverse Breakdown Voltage 


5.0 



V 

Ir »= lOOjuA 


Luminous Efficacy 



665 


Im/W 

Note 3 


Notes: 1. dy^ is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, \cl, is derived from the Cl E 
chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity Ig, in watts/steradian may be found 
from the equation Ig = \ylr\y. where ly is the luminous intensity in candelas and rjy is the luminous efficacy in lumens/watt. 



Vp - FORWARD VOLTAGE-V Ip - FORWARD CURRENT - mA - PEAK CURRENT - mA 

Figure 17. Forward Current versus Figure 18. Relative Luminous Intensity Figure 19. Relative Efficiency 

Forward Voltage. versus Forward Current. (Luminous Intensity 



tp - PULSE DURATION - ms 

Figure 20. Maximum Tolerable Peak Current versus Pulse 
Duration. (Iqc MAX as per MAX ratings). 


per Unit Current) 
versus Peak Current. 



Figure 21. Relative Luminous Intensity versus 
Angular Displacement. 
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tUB I ^ I 

■f^UKARp 


s(M>m^Eimps 

HIGH EFFICIENCY RED • HLIIIIW30a-1301,-130Z 
YELLON • lW-!4M.-m-14IJ2 
GREEN • HLIIt-15fl0r15ffl,-1502 


TECHNICAL DATA MARCH 1980 


Features 

• HIGH INTENSITY 

• WIDE VIEWING ANGLE 

• SMALL SIZE T-1 DIAMETER 
3.18mm (0.125 inch) 

• 1C COMPATIBLE 

• RELIABLE AND RUGGED 

• CHOICE OF 3 BRIGHT COLORS 

HIGH EFFICIENCY RED 

YELLOW 

GREEN 


Package Dimensions 




t, ALL DIMENSIONS ARE IN MILLIMETRES {INCHESK 
r StiVfeR PLATED LEADS. SEE APPLICATIONS 

RULLETiNS-v"'-'^ 

3. i^EPPxiMENI^US MAY EXTEND ABOUT Iwiti 
':';;|.fl^_»1'pC^NT«ELEADS. 



Description 

The HLMP-1300, -1301, and -1302 have a Gallium 

Arsenide Phosphide on Gallium Phosphide High Effi¬ 
ciency Red Light Emitting Diode packaged in a T-1 outline 
with a red diffused lens, which provides excellent on-off 
contrast ratio, high axial luminous intensity and a wide 
viewing angle. 

The HLMP-1400, -1401, and -1402 have a Gallium 

Arsenide Phosphide on Gallium Phosphide Yellow Light 
Emitting Diode packaged in a T-1 outline with a yellow 
diffused lens, which provides good on-off contrast ratio, 
high axial luminous intensity and a wide viewing angle. 

The HLMP-1500, -1501, and -1502 have a Gallium 

Phosphide Green Light Emitting Diode packaged in a T-1 

outline with a green diffused lens, which provides good 
on-off contrast ratio, high axial luminous intensity, and a 
wide viewing angle. 

Iv — Axial Luminous Intensity at 25°C 
(Figures 3,8)15) 


iy (mcd) 


---- 

Min. 

Typ. 

Test Conditions 

High Efficiency Red I 

HLMP-1300 

o.s 

1.5 


HLMP-1301 (-4684) 

1.0 

2.0 

If= 10 mA 

HLMP-1302 

2.0 

2.5 


I Yeiiow I 

HLMP-140a 

0.5 

1.5 


HLMP-1401 (-4684) 

1.0 

2.6 

lF=10 mA 

HLMP-1402 

2.6 

4.0 


Green I 

HLMP-1500 

0.5 

1.2 


HLMP-1501 (-4984) 

0.8 

2.0 

If=^ 20 mA 

HLMP-1502 

2.0 

3.0 
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Absolute Maximum Ratings at Ta=25°C 


Parameter 

High Efficiency Red 
HLMR-130Q,1301,1302 

Yeiiow 

Hi.MR-1400,1401,1402 

Green 

HLMP-1500,1501,1502 

Unite 

Power Dissipation 

120 

120 

120 

mW 

DC Forward Current 

aof’i 

20l’l 

30(21 

mA 

Peak Forward Current 

60 

60 

60 

mA 


See Figure 5 


Operating and Storage 
Temperature Range _ 

Lead Soldering Temperature 
[1.6mm (0.063 in.) from Body] 


See Figure 10 Se 


-55°C to 100°C 


230° C for 7 Seconds 


See Figure 15 


1. Derate from 50® C at 0.2mA/® C 

2. Derate from 50® C at 0.4mA/® C 


Electrical/Optical Characteristics at Ta=25°C 


Symbol _ Descrtptlon 

20i/ 2 Included Angle 

Between Half 
Luminous Intensity 
_ Points _ , 

Apeak Peak Wavelength 

Xd Dominant 

Wavelength _ 

rs Speed of Response 

Capacitance _ 

Thermal Resistance 


Forward Voltage 


HLMP-1300,-1301, HLMP-1400,-1401, HtMP-1500,-1501, 

-1302 _ -1402 -1502 

Min. Typ. Max. Min. Typ. Max. Mlii> Typ. Max. Unlla Test Cofidffioiit 

70 60 60 Deg. Note 1 (Figs. 6, 

11,16) 


nm Measurement 
_ at Peak 

nm Note 2 
ns 



■n 




2.2 3.0 2,2 3.0 I 2.4 1 3.0 V If-IOmA 

____ at If 20mA _ (Figs, 2,7,12) 

BVr Reverse Breakdown 

_ Voltage _5^0_5^0_5£_ V Ir^IOQ^A 

Luminous Efficacy 147 570 665 _Im/W Note 3 

1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Xd, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation \e=\\//%, where Iv isthe luminous intensity in candelas and 
is the luminous efficacy in lumens/watt. 



600 650 

WAVELENGTH - nm 

Figure 1. Relative Intensity vs. Wavelength. 
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High Efficiency Red hlmp-1300,-1301,-1302 



0 .e 1.0 1.6 2.0 2.6 3.0 

- FORWARD VOtTAQE - V 

Figure 2. Forward Current vs. 
Forward Voltage. 





'' 


I '1 y 

.11 

m X. 

Ill iMl' 1' ’ 
Mill i. iliTi _Lil 


10 100 1,000 10,000 
tp - PULSE DURATION -^s 


Figure 5. Maximum Tolerable Peak Cur¬ 
rent vs. Pulse Duration. (Ipci^AX 
as per MAX Ratings). 


> 3.0 



5 10 15 

- FORWARD CURRENT - mA 


Figure 3. Relative Luminous Intensity 
vs. Forward Current. 




10 20 30 40 50 60 


Figure 4. Relative Efficiency 

(Luminous Intensity per Unit 
Current) vs. Peak Current. 



10“ 20° 30° 40° 50° 60° 70° 80° 90° 100° 


Fi'jure 6. Relative Luminous Intensity vs. Angular Displacement. 


Yellow HLMP-1400,-1401,-1402 



0 5 1 0 1.5 2.0 2 5 3.0 

Vp - FORWARD VOLTAGE - V 

Figure 7. Forward Current vs. 
Forward Voltage. 


I mmwm 

- 1.0 10 100 1,000 10,000 

tp - PULSE DURATION -/js 

Figure 10. Maximum Tolerable Peak Current 
vs. Pulse Duration. (IDC I^AX 
as per MAX Ratings.) \ 




0 5 10 15 20 

Ip - FORWARD CURRENT - mA 

Figure 8. Relative Luminous Intensity 
vs. Forward Current. 


0 10 20 30 40 50 60 

'peak - CURRENT - mA 

Figure 9. Relative Efficiency 

(Luminous Intensity per Unit 
Current) vs. Peak Current. 


50 

6o/ 


Pi 

71 



80° 

s 



90° 





1 

1 




10° 20° 30° 40° 50° 60° 70° 80° 90° 100° 


Figure 11. Relative Luminous Intensity vs. Angular Displacement. 
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Green HLMP-1500r1501r1502 



Vf - FORWARD VOLTAGE - V |p _ FORWARD CURRENT - mA 

Figure 12. Forward Current vs. Figure 13. Relative Luminous Intensity 


Forward Voltage. vs. Forward Current. 



•peak - peak current - mA 
Figure 14. Relative Efficiency 

(Luminous Intensity per Unit 
Current) vs. Peak Current. 



tp - PULSE DURATION -ps 


Figure 15. Maximum Tolerable Peak Current Figure 16. Relative Luminious Intensity vs. Angular Displacement, 

vs. Pulse Duration. (Iqc 
as per MAX Ratings.) 


126 








HEWLETT 

PACKARD 


RECTANGULAR SOLID STATE LAMPS 

HIGH EFFICIENCY RED HLMP-0300/IJ301 
YELLOW HLMP-04Bfl/04(lt 
GREEN HLMP-0500/05B1 


TECHNICAL DATA MARCH 1980 


Features 


• RECTANGULAR LIGHT EMITTING SURFACE 

• FLAT HIGH STERANCE EMITTING SURFACE 

• STACKABLE ON 2.54 MM (0.100 INCH) 
CENTERS 

• IDEAL AS FLUSH MOUNTED PANEL 
INDICATORS 

• IDEAL FOR BACKLIGHTING LEGENDS 

• LONG LIFE: SOLID STATE RELIABILITY 

• CHOICE OF 3 BRIGHT COLORS 

HIGH EFFICIENCY RED 

YELLOW 

GREEN 

• 1C COMPATIBLE/LOW CURRENT 
REQUIREMENTS 



Description 


The HLMP-03XX, -04XX, -05XX are solid state lamps encapsulated In an axial lead rectangular epoxy package. They utilize 
a tinted, diffused epoxy to provide high on-off contrast and a flat high intensity emitting surface. Borderless package 
design allows creation of uninterrupted light emitting areas. 

The HLMP-0300 and -0301 have a hlgh-efflclency red GaAsP on GaP LED chip In a light red epoxy package. This lamp’s 
efficiency is comparable to that of the Gap red, but extends to higher current levels. 

The HLMP-0400 and -0401 provide a yellow GaAsP on GaP LED chip In a yellow epoxy package. 

The HLMP-0500 and -0501 provide a green GaP LED chip In a green epoxy package. 


Package Dimensions 


2.54 C.100} t 8^ (.315) 

' 2.29 <.090) r*~ 7.37 (.290) ” 


LIGHT EMITTING SURFACE PLASTIC 


-26.07 (1.05) MIN.- 



-26.40 (1.00) min.- 


axial LUMINOUS INTENSITY 



NOTES: 

1. ALL DIMENSIONS ARE IN 
MILLIMETRES (INCHES). 

2. SILVER-PLATED LEADS. : 

SEE APPLICATION 

BULLETIN 3. 

3. AN EPOXY MENISCUS MAY EXTEND 
ABOUT 1mm (.040") DOWN THE 
LEADS. 



NOTE: Luminous sterance, Lv, m loot lambarts, may ba found from the aquation 
ty » 16.7 ly, where iy isthe luminous intensity In millicancteias. 


2.54 (.100) NOMINAL 


BOTTOM VIEW 
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Absolute Maximum Ratings at Ta=25°C 


l>arameter 

High'Etficiency Rad 
HLMP-0300/0301 

Y«llow 

HLMP-0400/0401 

Green 

HLMR-05Oa/0SO1 

Units 

Power Dissipation 

120 

120 

120 

mW 

DC Forward Current 

30 

30'’' 

30*’' 

mA 

Peak Forward Current 

60 

See Figure 5 

60 

See Figure 10 

60 

See Figure 15 

mA 

Operating and Storage 

Temperature Range 

•SS^^Cto lOO^C 

Lead Soldering Temperature 
[1,6mm (0.063 in.) from body] 

260^*0 for 5 seconds 


1. Derate from 50® C at 0.4mA/® C. 


Electrical/Optical Characteristics at Ta=25°C 


Symbol 

Description 

MLMP-0300/0301 

HLMP*0400/0401 

HLMP-0500/0$01 

Units 

Test Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

201/2 

Included Angle 

Between Half 

Luminous Intensity 
Points, Both Axes 


100 



100 



100 


deg. 

Note 1. Figures 
6»11,16 

Apeak 

Peak Wavelength 


636 



683 



565 


nm 

Measurement at 

Peak 

Aa 

Dominant Wavelength 


626 



585 



571 


nm 

Note 2 

rs 

Speed of Response 


90 



90 



200 


ns 


C 

Capacitance 


17 



17 



17 


pF 

Vf==0; f===1 MHz 

0JC 

Thermal Resistance 


130 



130 



130 


°C/W 

Junction to Cathode 
Lead at 1.6 mm 
(0.063 in.) from 

Body 

Vf 

Forward Voitage 


2.5 

3.0 


2.5 

3.0 


2.6 

3.0 

V 

tp= 26mA 

Figures 2,7,12 

BVr 

Reverse Breakdown 
Voltage 

6.0 



5.0 



5.0 



V 

Ir - 100 fjiA 

nv 

Luminous Efficacy 


147 



570 



665 1 


Im/W 

Note 3 


NOTES: 

1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

The dominant wavelength, Xd, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 

2. color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation le=lv/i?v, where Iv is the luminous intensity in candelas and 
r 7 v is the luminous efficacy in lumens/watt. 
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WAVELENGTH - nm 


Figure 1. Relative Intensity vs. Wavelength. 


HIGH EFFICIENCY RED HLMP-0300/0301 





Vp - FORWARD VOLTAGE - V 

Figure 2. Forward Current vs. Forward 
Voltage. 


Ip - FORWARD CURRENT - mA 

I. Relative Luminous Intensity vs. 
1 Current. 


•peak ~ CURRENT - mA 

Figure 4. Relative Efficiency (Luminous 
Intensity per Unit Current) vs. Peak Current. 



Ip - PULSE DURATION - ms 

Figure 5. Maximum Tolerable Peak Current vs. 
Pulse Duration. Hoc MAX as per MAX Ratings.) 



10° 20° 30° 40° 50° 60° 70° 80° 90° 


Figure 6. Relative Luminous Intensity vs. Angular Displacement. 
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YELLOW HLMP-0400/0401 









25*C, 























.... 








0 10 

-0 30 4 

0 5 

0 60 


Figure 7. Forward Current vs. Forward 
Voltage. 


Ip - FORWARD CURRENT - mA 

Figure 8. Relative Luminous Intensity vs. 
Forward Current. 


Figure 9. Relative Efficiency (Luminous 
intensity per Unit Current) vs. Peak Current. 



10 100 1000 
Ip-PULSE DURATION -MS 



Figure 10. Maximum Tolerable Peak Current vs. 
Pulse Duration. (IpQMAXasper MAX Ratings.) 


Figure 11. Relative Luminous Intensity vs. Angular Displacement. 


GREEN HLMP-0500/0501 



0.5 1.0 1.5 2.0 2.5 

Vp - FORWARD VOLTAGE - V 


Figure 1?. Forward Current vs. Forward 
Voltage. 



























.X 





0 ! 

5 1 

0 15 2 

0 25 30 


Ip - FORWARD CURRENT - mA 


Figure 13. Relative Luminous Intensity vs. 
Forward Current. 



25’C. 














/■■■ 

V 




.y 

✓ 





/ 
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IZ 







20 30 40 50 60 

. - PEAK CURRENT-mA 


Figure 14. Relative Efficiency (Luminous 
Intensity per Unit Current) vs. Peak Current. 



10 100 1000 
Ip - PULSE DURATION - ms 


Figure 15. Maximum Tolerable Peak Current vs. 
Pulse Duration. (Iqq MAX as per MAX Ratings.) 



Figure 16. Relative Luminous Intensity vs. Angular Displacement. 
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HEWLETT 
KZHi PACKARD 


SUBMINIATURE SOLID STATE LAMPS 

RED • 5082-4100/4101 
HIGH EFFICIENCY RED • 5082-4160 
YELLOW • 5082-4150 
__GREEN • 5082-4190 


TECHNICAL DATA MARCH 1980 


Features 

• SUBMINIATURE PACKAGE STYLE 

• END STACKABLE ON 2.21mm 
(0.087 In. ) CENTERS 

• LOW PACKAGE PROFILE 

• RADIAL LEADS 

• WIDE VIEWING ANGLE 

• LONG LIFE — SOLID STATE 
RELIABILITY 

• CHOICE OF 4 BRIGHT COLORS 

Red 

High Efficiency Red 

Yellow 

Green 



Description 

The 5082-4100/4101, 4150, 4160 and 4190 are solid state lamps encapsulated in a radial lead subminiature package of 
molded epoxy. They utilize a tinted, diffused lens providing high on-off contrast and wide-angle viewing. 

The -4100/4101 utilizes a GaAsP LED chip in a deep red molded package. 

The -4160 has a high-efficiency red GaAsP on GaP LED chip in a light red molded package. This lamp’s efficiency is 
comparable to that of the GaP red but does not saturate at low current levels. 

The -4150 provides a yellow GaAsP on GaP LED chip in a yellow molded package. 

The -4190 provides a green GaP LED chip in a green molded package. 

Tape-and-reel mounting is available on request. 


Package Dimensions 



TOP VIEW 


NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. SILVER-PLATED LEADS. SEE APPLICATION BULLETIN 3. 

3. USER MAY BEND LEADS AS SHOWN. 



SIDE VIEW 
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Absolute Maximum Ratings at Ta=25°C 


Parameter 

Red 

4100/4101 

High Eft. Red 
4160 

Yellow 

4150 

Oreen 

4190 

Units 

Power Dissipation 

100 

120 

120 

120 

mW 

DC Forward Current 

50f’l 

20til 

20 tU 

3012) 

mA 

Peak Forward Current 

1000 

See Fig. 5 

60 

See Fig. 10 

60 

See Fig. 15 

60 

See Fig. 20 

mA 

Operating and Storage 

Temperature Range 

-55°Cto 100°C 

Lead Soldering Temperature 
(1.6mm (0.063 in.) from body] 


246*^ 

C for 3 seconds 



1. Derate from 50® 

2. Derate from 50® 


Electrical/Optical Characteristics at Ta=25°C 


Symbol Ooscriptlon 

Iv Axial Luminous 

Intensity 

Included Angle 
Between Half 
Luminous Intensity 


5002-4100/4101 g082-41gQ _ 50^-41S0 _ 5002-4190 

Min. I Typ. I Max. Min. I Typ. I Max. Min, | Typ I Max. Min, I Typ. [ Max. 



















IngigilPSI 


Vp- FORWARD VOLTAGE - VOLTS 

Figure 2. Forward Current vs. 
Forward Voltage. 


If - FORWARD CURRENT - m 


•peak - CURRENT - mA 


Figures. Relative Luminous Intensity Figure 4. Relative Efficiency 


vs. Forward Current. 


(Luminous Intensity per Unit 
Current) vs. Peak Current. 









- 










' W 4 " 









; 

5 






' ■ 





p - PULSE DURATION -/js 


10 ” 20 ° 30 ° 40 ° 50 ° 60 ° 70 ° 80 ° 90 ° 100 ° 


Figure 5. Maximum Tolerable Peak Cur¬ 
rent vs. Pulse Duration. (Iqq MAX 
as per MAX Ratings) 

High Efficiency Red 5082-4160 

I ' r~ - If' ^ 3.o| 


Figure 6. Relative Luminous intensity vs. Angular Displacement. 




0 .5 1.0 1.5 2.0 2.5 3.0 

Vp - FORWARD VOLTAGE - V 

Figure 7. Forward Current vs. 
Forward Voltage. 


Figure 8. 


5 10 15 20 

Ip - FORWARD CURRENT - mA 

Relative Luminous Intensity 
vs. Forward Current. 


0 10 20 30 40 50 60 

■peak - peak current - mA 

Figure 9. Relative Efficiency 

(Luminous Intensity per Unit 
Current) vs. Peak Current. 



kO 
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X 
















5 

V- 








s,, V 

























10 ° 20 ° 30 ° 40 ° 50 ° 60 ° 70 ° 80 ° 90 ° 100 ° 


Figure 10. Maximum Tolerable Peak Cur¬ 
rent vs. Pulse Duration. (Iqq MAX 
as per MAX Ratings) 


Figure 11. Relative Luminous Intensity vs. AngularDisplacement. 
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VfellOW 5082-4150 



Figure 1Z Forward Current vs. Figure 13. Reiative Luminous intensity Figure 14. Reiative Efficiency 

Forward Voitage. vs. Forward Current. (Luminous intensity per Unit 



Figure 15. Maximum Toierabie Peak Cur- Figure 16. Reiative Luminous intensity vs. AnguiarDispiacement. 

rent vs. Puise Duration. (ipQ MAX 
as per MAX Ratings) 


Green 5082-4190 



Figure 17. Forward Current vs. Figure 18. Reiative Luminous intensity Figure 19. Reiative Efficiency 

Forward Voitage. vs. Forward Current. (Luminous intensity per Unit 



Figure 20. Maximum Toierabie Peak Cur¬ 


rent vs. Puise Duration. (Iqq MAX 
as per MAX Ratings) 



134 
























QnrotassWGH) 19mm ©jsinch) 


HEWLETT 

PAdKARD 


Features 

• LARGE, BRIGHT, UNIFORM LIGHT 
EMITTING SURFACE 

Typical Luminous Stearance 260 cd/m^ at 
100mA Peak, 20mA Average 
Approximately Lambertian Radiation Pattern 

• SUITABLE FOR MULTIPLEX OPERATION 

LED’s in Either Paraiiei, Series or Paraliel/ 
Series Connection 

• CHOICE OF THREE COLORS 

High Efficiency Red 

Yellow 

Green 

• CATEGORIZED FOR LIGHT OUTPUT 

Use of Like Chip Categories Yieids a 
Uniform Dispiay 

• EASiLY MOUNTED ON P.C. BOARDS 
OR SOCKETS 

Singie In-Line Package, Leads on Industry 
Standard 2.54mm (0.1 in.) Centers 
I.C. Compatibie 
Mechanicaiiy Rugged 

• X-Y STACKABLE 

• FLUSH MOUNTABLE 

• EASY ALiGNMENT 

• EXCELLENT ON-OFF CONTRAST 




HIGH IFFCI0CYRED 


TECHNICAL DATA MARCH 1980 






Applications 

• ILLUMINATED LEGENDS 

• INDICATORS 

• BAR GRAPHS 

• LIGHTED SWITCHES 


Description 


The HLMP-2300/-2400/-2500 series light bar modules are 9mm (.35 inch) and 19mm (.75 inch) rectangular light sources 
designed for a variety of applications where a large, bright source of light is required. The -2300 and -2400 series devices utilize 
LED chips which are made from GaAsP on a transparent GaP substrate. The-2500 series devices utilize chips made from GaP 
on a transparent GaP substrate. 

Devices 

Part No. 

HLMP- 
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Absolute Maximum Ratings 

Average Power Dissipation Per LED Chip (Ta= 50°C).90mW 

Operating Temperature Range.-40°Cto +85°C 

Storage Temperature Range.-40°Cto +85°C 

Peak Forward Current Per LED Chip (Ta= 50°CP^^.120mA 

(Maximum Pulse Width = 1.25ms) 

DC Forward Current Per LED Chip (Ta= 50°C)<^’®^.30mA 

Reverse Voltage Per LED Chip .6.0V 

Lead Soldering Temperature [1.6mm (1/16 inch) below 

seating plane]. .260°C for 3 Seconds 


NOTES; 1. Derate maximum DC 

current above Ta= 50°C 
at 0.51 mA/°C per LED 
chip, see Figure 2. 

2. See Figure 1 to establish 
pulsed operating 
conditions. 

3. For operation above 
Ta= 50®C, see the al¬ 
lowed deratings for 
higher temperatures 
shown in Figure 2. 


For a Detailed Explanation on the Use of Data Sheet information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 


Package Dimensions 



cathode end END VIEW A, B 


’ 2 3 4 6 0 7 8 aiio 
miEO) 


li. 8.890 

I; 1 


r 2 3 4 

, {o. m 


DATE r..... m" 

CODE'' HLMP-XXXX^ 

^XYY Z 


i V, 2ART / 
MAX -'^number 


. . .. LUMINOUS 

HLMPXXXX INTENSITY 

XYY Z"^''| CATEGORY 


lUMINOUS ^ 

INTENSITY 

CATEGORY 


a,:,, ii 


_JL_.oa 


Internal Circuit Diagram 




FUNCTION 


•2300/-2400 

>2500 

Cathode — a 
Anode —a 
Cathode —b 
Anode 


>2350/-24S0 

>2550 

Cathode —a 
Abode —a 
Cathode —br 
.Anode >7“ ■ ; 

Cathode—c 
Anode —0 
Cathode—d 


NOTES: 1. Dimensions in millimetres and (inches). 

2. Tolerances ±.25 mm unless otherwise indicated. 
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Electrical/Optical Characteristics at Ta=25°c 





HIGH EFFICIENCY RED HLMP-2300/-2350 







Fariim«l«r 

Symbol 

Test Conditions 

Min. 

Typ. 

Max. 

Units 



LuminoMS 

wilhAHLED^s 

IllOmiriateci 

-2300 

Iv 

100mA Pk: 1 of 5 
Duty Pactor 


10 


mcd 





20mA DC 

3 

7 


mcd 



-2350 

Iv 

100mA Pk: 1 of 5 
Duty Pactor 


21 


mcd 






20mA DC 

7 

15 


mcd 



Peak Wavelength 

^peak 



635 


nm 



Dominant Wavelengths^’ 

^d 



626 


nm 



Forward Voltage Per LED 

vp 

Ip^lOOmA 


..2.5. 

. M . 

w 


■ 

lF=:= 20mA 


1.9 

2.6 



1 

Reverse Current Per LED 








1 

Temperature Coefficient of Vp Per LED 

AVprC 

Ip 100mA 



. . 

mWC 


1 

Thermal Resistance LED Junctlon-to-Pin 

R^j-pin 

. 

■1 


■1 



YELLOW HLMP-2400/-2450 








Parameter 

Symbol 

Test Conditions 


Typ. 

Max. 

Units 



Luminous Intensity^'*’ 
with All LED's 

Illuminated 

-2400 

Iv 

100mA Pk: 1 of 5 
Duty Factor 


8 


mcd 





20tnA DC 

2 

5 


mcd 





100mA Pk: 1 of 6 
Duty Factor 


18 


mcd 






20mA DC 

5 

11 


mcd 



Peak Wavelength 




583 


nm 



Dominant Wavelength^®’ 




585 


nm 



Forward Voltage Per LED 


lp=100mA 


2.6 

.3.5. 




lp=; 2bmA 


2.0 

2.6 

V 



Reverse Current Per LED 

IR 

Vr=6V 


10 


fiA 



Temperature Coefficient of Vp Per LED 

AVp/'C 

Ip=100mA 


-1.1 


mV/°C 



Thermal Resistance LED Junction-to-Pin 

R^j-pin 



150 


^C/W/ 

LED 


GREEN HLMP-2500/-2550 







■■■ 


Parameter 

Symbol 

Test Conditions 



Max. 

Units 



Luminous Intensity^*’ 
with All LED’s 

Illuminated 

-2500 

Iv 

100mA Pk:1of5 
Duty Pactor 

■ 


mill 






20mA DC 

mm 






-2550 

Iv 

100mA Pk; 1 of 5 
Duty Factor 


13 

imi 







20mA DC 

3.5 

7.5 


BSESSB 



Peak Wavelength 

^peak 




HHi 

^bbbi 



Dominant Wavelength^®’ 

Xd 



SM 

IHHI 

BESfli 



Porward Voltage Per LED 

Vp 

Ip^ 100mA 


WBSKk 

HlilH 




Ip- 20mA 


wEm 


V 



Reverse Current Per LED 

IR 

Vr=6V 


IBH 

SB 

aA 



Temperature Coefficient of Vp Per LED 

AVpfC 

IF-100mA 


mm 

■■I 

mVrC 



Thermal Resistance LED Junction-to-Pin 

R^j-pin 



150 


^C/W/ 

LED 


NOTES: 4. Each device is categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the package. 

5. The dominant wavelength, Xd, is derived from the CIE chromaticity diagram and is that single wavelength which defines the color of the device. 
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Electrical 


Optical 


The HLMP-2300/-2400/-2500 series of light bar devices are 
composed of two or four light emitting diodes, with the light 
from each LED optically scattered to form an evenly illumi¬ 
nated light emitting surface. The LED’s have a large area P-N 
junction diffused into the epitaxial layer on a GaP transparent 
substrate. 

The anode and cathode of each LED is brought out by sepa¬ 
rate pins. This universal pinout arrangement allows for the 
wiring of the LED’s within a device in any of three possible 
configurations: parallel, series, or series/parallel. 

These light bar devices are designed for strobed operation at 
high peak currents. The typical forward voltage values, 
scaled from Figure 4, should be used for calculating the cur¬ 
rent limiting resistor values and typical power dissipation. Ex¬ 
pected maximum Vp values for the purpose of driver circuit 
design and maximum power dissipation may be calculated 
using the following Vp models: 


The radiation pattern for these light bar devices is approx¬ 
imately Lambertian. The luminous sterance may be calculated 
using one of the two following formulas: 

LV(cd/m2) = -!^ 


Lv(footlamberts) = ■ 


SIZE OF 

EMtrriNGSUBf^CE 

8.89mm X 3.81 mm 
19,05mm X 3.81mm 


1 AREA 1 

SO. METRES 

SaFEET 

33.87 X 

72.58 X 10“® 

364,58 X 10^* 
781.25x10-^ 


Vf = 2.2V+IPEAK (130) 
For IpEAK > 30mA 


Vf = 1.9V + Idc (23.30) 
For 10mA < Idc < 30mA 



OPERATION IN THIS 
REGION REQUIRES 
TEMPERATURE DERATING 
OF Idc max 



-PULSE DURATION -fiS 


12 4 " .feSS^C^/LED 


10 20 30 40 50 60 70 80 90 

T^ - AMBIENT TEMPERATURE-°C 


Figure 1. Maximum Allowed Peak Current vs. Pulse Duration 


Figure 2. Maximum Allowable DC 

Current per LED vs. Ambient 
Temperature. Deratings 
Based on Maximum Allow¬ 
able Thermal Resistance 
Values, LED Junction-to- 
Ambient on a per LED Basis. 
TjMAX=100°C. 



spices 

—- 

r/JiSm 



0 10 20 30 40 50 60 70 80 90 100110120 

'peak ~ 

Figure 3. Relative Efficiency 

Luminous Intensity per Unit 
Current) vs. Peak LED 
Current. 


I 

}....[ .I 11 . lU/i .{ 

Hl.MP.p» SCRIES 1 

I 

r 


Hnnn/mi 




MLMP-2400 SERIES j | 

n 







MMBBMHMi/ifJMIMI 




mmmm/imm 



- 


— 

- 


.. .1. 

SERfCS j 


1 1 ///I I 1 rn 


_jJ 

I.O 


□ 

0 

3.4 


Vp - PEAK FORWARD VOLTAGE - V 

Figure 4. Peak Forward Current per 
LED vs. Peak Forward 
Voltage. 



10 15 20 25 30 

- DC CURRENT PER LED - mA 


Figure 5. Relative Luminous Intensity 
vs. DC Forward Current. 
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¥''WSi;^f>ACKA«D^ 


LED yCHT BAR MODULES 

SmOB, TWIN, & QUAD ARRANGEMENTS 
HIGH EFFICIENCY RED mf-im MIfS 
YELLOW HLMP-27118 SliiS 
GREEN ;-HtMP-28li^f||Sr 

TECHNICAL DATA MARCH 1980 


Features 

• LARGE, BRIGHT, UNIFORM LIGHT EMITTING 
SURFACE 

Typical Luminous Sterance 160 cd/m^ at 
60 mA Peak, 20 mA Average 
Approximately Lambertian Radiation Pattern 

• SUITABLE FOR MULTIPLEX OPERATION 

LED’s in Either Parallel, Series or Parallel/ 
Series Connection 

• CHOICE OF THREE COLORS 

High Efficiency Red 

Yeiiow 

Green 

• CATEGORIZED FOR LIGHT OUTPUT 

Use of Like Chip Categories Yieids a 
Uniform Dispiay 

• EASILY MOUNTED ON P.C. BOARDS OR 
SOCKETS 

Industry Standard 7.62 mm (0.3 in.) DiP 
Leads on 2.54 mm (0.100 in.) Centers 
i.C. Compatible 
Mechanically Rugged 

• X — Y Stackable 

• FLUSH MOUNTABLE 

• EASY ALIGNMENT 



Applications 

• ANNUNCIATORS WITH ILLUMINATED 
LEGENDS 

• BACKLIGHTED FRONT PANELS 

• FRONT PANEL INDICATORS 

• BAR GRAPHS 

• LIGHTED SWITCHES 


• EXCELLENT ON-OFF CONTRAST • EDGE LIGHT PANELS 

Description 

The HLMP-2600/-2700/-2800 series light bar modules are rectangular light sources designed for a variety of applications where 
a large, bright source of light is required. These modules are configured in packages that contain either a single, twin or quad 
light emitting surface arrangement. The -2600 and -2700 series devices utilize LED chips which are made from GaAsP on a 
transparent GaP substrate. The -2800 series devices utilize chips made from GaP on a transparent GaP substrate. 

Devices 


Part Number HLMP- 

Size of Light Emitting Areas 

Number 

of 

Light 

Emitting 

Areas 

Package Outline 

High 

ifflclancy 

Yellow 

Gieen 


2756 


8.89 mm x 8*89 mm (.350 In. x .360 in.) 

1 

A 

mmam 


aroQ.; 

A 2Bm - ^ 

8.89 mm x 3.81 mm (.350 In, x .150 in.) 

2 

B 

HBnfli 

BHiiaHH! 



8.89 min X 1906 mm (,35ip| In, x .750 in.) 

1 


□ 

HRI^^HI 

y/277a; - 

MSEHi 

8.89 mm X 8.89 mm (.350 in. x .360 In.) 

2 

D 


HHB9I 


HEEH 

8.89 mm X 3,81 mm (.360in. x .150 In.) 

4 

E 

■nnhi 



2835 

3.81 mm X 19.06 mm (.150 in. x .750 in.) 

2 

f 

1—1 
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Absolute Maximum Ratings 

Average Power Dissipation Per LED Chip (Ta = 50®C).. 93mW 

Operating Temperature Range ... -40°C to +85°C 

Storage Temperature Range ..... -40°C to +85°C 

Peak Forward Current Per LED Chip (Ta = 50°C)13®1 ... 60 mA 

(Maximum Pulse Width ^ 2.0 ms) 
Time Average Forward Current Per LED Chip 

Pulsed Conditions!^) . 20 mA 

DC Forward Current Per LED Chip (HLMP-2700 Series) 

(Ta = 50®C)‘2| . 25 mA 

DC Forward Current Per LED Chip (HLMP-2600/-2800 

Series) (Ta= 50® C)!^! ... 30 mA 

Reverse Voltage Per LED Chip .. 6.0V 

Lead Soldering Temperature [1.6 mm (1/16 inch) below 

seating plane] . 260® C for 3 seconds 


NOTES: 

1. Derate maximum DC current above 
Ta = 50^0 at 0.57 mA/®C per LED 
chip, see Figure 2. 

2. Derate maximum DC current above 
58®C at 0.56 mA/®C per LED chip, 
see Figure 2. 

3. See Figure 1 to establish pulsed 
operating conditions. 

4. Derate maximum Iavg current 
above Ta = 50® C at 0.40 mA 
average/®C per LED chip, see 
Figure 2. 

5. For operation above Ta = 50® C, see 
the allowed deratings for higher 
temperatures shown in Figures 2 
and 3. 


Package Dimensions 


0.254 ± 0.05 
( 0 . 010 ) 



SIDE VIEW A,B 


0.508 ± 0.05 
( 0 . 020 ) 
TYP. 



LUMINOUS 

INTENSITY 

CATEGORY 




f 3.810 

Jj»^ ,.270 
i 3.810 
i (0. 150) 



END VIEW A,B,C,D,E,F 





SIDE VIEW C,D,E,F 


NOTES: OUTSIDE WALL THICKNESS 0.508 (0.020) TYPICAL ALL PACKAGES. 
DIMENSIONS IN INCHES AND (MILLIMETRES). 


Internal Circuit Diagrams 


Pin Function 




FIN 

FUNCTION 


A, 8 

C,D,E,F 

1 

CATHODE a 

CATHODE a 

2 

ANODE a 

ANODE a 

3 

ANODE b 

ANODE b 

4 

CATHODE b 

CATHODEb 

5 

CATHODE 0 

CATHODEc 

6 

ANODE c 

ANODE a 

7 

ANODE d 

ANODE d 

8 

CATHODE d 

CATHODEd 

9 


CATHODES 

10 


ANODEa 

11 


ANODE f 

12 


CATHODE t 

13 


CATHOOEg 

14 


ANODE§ 

16 


ANODEh 

16 


CATHODEh 
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Electrlcai/Optical Characteristics at Ta=25°c 

HIGH EFFICIENCY RED HLMP-2600 SERIES 



Symbol 

Mim 

Typ. 

Max. 

Units 

Test CondHIons 


'2655 

iv 


mm 


mcd 

60 mA Pk: 1 of 3 Duty Factor 

6 

— 


KSEEI 

20 mA DC : 

-2600 

m 


8 


IJQIIII 


Lyminous thtensltyi®^ 

Rer Ught Emittrng 

Surface Area' v’\'„ 

3 

7 


mmm 

20 mA DC 

-2685 

n 




IIIIIIQQ^^ 


12 

— 


mcd 

20 mADC ■ 

-2670 

D 


TO 


mcd 

60 mA Pk: 1 of 3 Duty FeC|jor| 

0 

14 


mcd 

20 mADC 

-2620 

Iv 


8 





7 


mcd 

20 mA DC 'v:: '.3: 

-2635 

__^ 

n 


16 




6 

14 


mcd 

20mADC- \ 

Peak Wavelength 

Xpeak 


635 


nm 


Dominant WavefengthPi 

Ad 


626 


nm 


Forward Voltage Per LED 

Vp 


2.1 

2.6 

V 

If == 20 mA 

Reverse Currer^t Per LED 

In 


10 


mA 

Vr=^6V 

Thermal Resistance LED 

J unction ~to-P in 

R^j-pin 


150 


LED 

Chip 


YELLOW HLMP-2700 SERIES 

Parameter 

Symbol 

Min. 

Typ. 

Max. 

Units 

Test Condftlofis 

Luminous Intensity 

Per Light Emitting 

Surface Area 

-2765 

iv 


12 


mcd 

60 mA Pk: 1 of 3 Duty Factor 

5-4 

10 


mcd 

20 mADC 

-2700 

Iv 


6 


mcd 

60 mA Pk: 1 of 3 Duty Factor 

2.7 

5 


mcd 

20 mA DC 

-2785 

iv 


24 


mcd 

60 mA Pk: 1 of 3 Duty Factor 

10.8 

20 


mcd 

20 mA DC 

-2770 

Iv 


12 


mcd 

60 mA Pk: 1 of 3 Duty Factor 

6.4 

10 


mcd 

20 mA DC 

-2720 

Iv 


6 


mcd 

60 mA Pk: 1 of 3 Duty Factor 

2,7 

5 


mcd 

20 mA DC 

-2735 

Iv 


12 


mcd 

60 mA Pk: 1 of 3 Duty Factor 

5.4 

10 


mcd 

20 mA DC 

Peak Wavelength 

xpeak 


583 


nm 


Dominant Wavelength 

Xd 


585 


nm 


Forward Voltage Per LED 

Vf 


2-2 

2.6 


If = 20 mA 

Reverse Current Per LED 

Ir 


10 



VR=eV 


Thermal Resistance LED 
Junctlon-to-PIn 


R^j-pin 


150 


‘C/W/ 

LED 

Chip 







































Electrical/Optical Characteristics at Ta=25°C 

GREEN HLMP-2800 SERIES 


Parameter 

Symbol 

Min. 

Typ. 

Max. 

Units 

Test Conditions 


-28S5 

' ’ , 


10 


mod 

60 mA Pk: 1 of 3 Duty Factor 


5 

■ 7: 


mcd 

20 mA DC 


-2800 

lv 


6 


mcd 

60 mA Pk: 1 of 3 Duty Factor 


2.6 

3.5 


mod 

20 mA DC 

Luminous Intensity'®; 

Fer Light Emitting 

Surface Area 

-2885 

lv 


20 


mcd 

SO mA Pk: 1 of 3 Duty Factor 

10 

14 


mcd 

.20 mA DC 

-2870 



10 


mcd 

60 m A Pk: 1 of 3 Duty Factor 


lv 

6 

7 


mod 

20 mA DC 


-2820 

lv 


5 


mcd 

60 mA Pk: 1 of 3 Duty Factor 


2.5 

3.5 


mcd 

20 mA DC 


-2835 



10 


mcd 

60 mA Pk: 1 of 3 Duty Factor 


lv 

6 

7 


[ 1^3 

20 mA DC 

Peak Wavelength 

Xpeak 


505 




Dominant Wavelengthi^i 

Ad 


572 


nm 


Forward Voltage Per LED 

Vf ! 


2.2 

2.6 

V 

If ^ 20 mA 

Reverse Current Per LED 

Ir 


10 


iik 

Vr = 6V 

Thermal Resistance LED 
Junction-to-Pin 

R^j-pin 


150 

_I 


®C/W/ 

LED 

Chip 



Notes: 

6. These devices are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of 
the package. 

7. The dominant wavelength, \ci, is derived from the CIEchromaticity diagram and isthatsingle wavelength which defines the color of the 
device. 


Electrical 

The HLMP-2600/-2700/-2800 series of light bar devices 
are composed of four or eight light emitting diodes, with 
the light from each LED optically scattered to form an 
evenly Illuminated light emitting surface. The LED’s have a 
P-N junction diffused into the epitaxial layer on a GaP 
transparent substrate. 

The anode and cathode of each LED is brought out by 
separate pins. This universal pinout arrangement allows 
for the wiring of the LED’s within a device in any of three 
possible configurations; parallel, series, orseries/parallel. 

The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Vf values for the purpose of driver circuit design and 
maximum power dissipation may be calculated using the 
following Vf models: 

Vf = 1.8V + IpEAK (400) 

For IPEAK ^ 20mA 
Vf = 1.6V + Idc (500) 

For 5mA < Idc ^ 20mA 


Optical 

The radiation pattern for these light bar devicesr is 
approximately Lambertian. The luminous sterance may 
be calculated using one of the two following formulas: 

U(cd/m2)=^^ 


Lv (footlamberts) = 


— ^^v (cd) 


A (ft2) 


Size of Light 
Emitting Surface 
Area 

Area 

Sq. Metres 

Sq. Feet 

8.89 mm x 8.89 mm 

67.74 X 10-® 

729.16 X 10-® 

8.89 mm x 3.81 mm 

33.87 X 10 ® 

364.56 X 10'® 

8.89 mm X 19.05 mm 

135.48 X 10-® 

1458.32 X 10-« 

3.81 mm x 19.05 mm 

72.58 X 10-® 

781.25 X 10 ® 
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Refresh rates of 1 kHz or faster provide the most efficient 
operation resulting in the maximum possible time average 
luminous intensity. 

The time average luminous intensity may be calculated 
using the relative efficiency characteristic of Figure 3, 
r7|pEAK> ^i^cl adjusted for operating ambient temperature. 
The time average luminous intensity at Ta = 25°C is 
calculated as follows: 


lvTIMEAVG= [^] 


Data Sheet) 


Example: For HLMP-2735 series 

^IpEAK ^ 


ri2mAl ,, 

.TIMEAVG= [ 20 ;^] (1.18) (10 


mcd) = 7 mcd 


The time average luminous intensity may be adjusted for 
operating ambient temperature by the following exponen¬ 
tial equation: 

Iv (Ta) = Iv ( 25 °C) e ik(Ta-25-01 


These light bar devices may be operated in ambient 
temperatures above +60°C without derating when 
installed in a PC board configuration that provides a 
thermal resistance to ambient value less than 250°C/W/ 
Led. See Figure 6 to determine the maximum allowed 
thermal resistance for the PC board, R0pc-a, which will 
permit nonderated operation in a given ambient 
temperature. 

To optimize device optical performance, specially 
developed plastics are used which restrict the solvents 
that may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time In the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv DI-15 or 
DE-15, Arklone A or K. A 60°C (140° F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, 
Ethanol, Isopropanol or water with a mild detergent. 


Device 

K 

-2600 Series 
-2700 Series 
-2800 Series 

-0.0131/°C 
-0.0112/°C 
-0.0104/° C 


Example: Iv ( 80 °C) = (7 mcd) e (80-25)1=3 


Mechanical 

These devices are constructed utilizing a lead frame in a 
DIP package. The LED dice are attached directly to the 
lead frame. Therefore, the cathode leads are the direct 
thermal and mechanical stress paths to the LED dice. The 
absolute maximum allowed junction temperature, Tj max, 
is 100°C. The maximum power ratings have been 
established so that the worst case Vf device does not 
exceed this limit. For most reliable operation, it is 
recommended that the device pin-to-ambient thermal 
resistance through the PC board be less than 250° C/W/ 
LED. This will then establish a maximum thermal 
resistance LED junction-to-ambient of 400°C/W/LED. 
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iSOLID STATE 
LAMPS 







Figure 1, Maximum Allowed Peak Current vs. Pulse Duration. 



0 10 20 30 40 50 60 70 80 90 

- AMBIENT TEMPERATURE-°C 


Figure 2. Maximum Allowable Average Current per LED 
vs. Ambient Temperature. Deratings Based on 
Maximum Allowable Thermal Resistance Values, 
LED Junction-to-Ambient on a Per LED Basis. 
Tj MAX = 100°C. 



IPEAK - peak current per led - mA 


Figure 3. Maximum Allowable DC Current per LED vs. 
Ambient Temperature. Deratings Based on 
Maximum Allowable Thermal Resistance Values, 
LED Junction-to-Ambient on a Per LED Basis. 
TjMAX= 100°C. 



1.0 2.0 3.0 4.0 


Vf - FORWARD VOLTAGE - V 

Figure 5. Forward Current vs. Forward Voltage Characteristics. 


Figure 4. Relative Efficiency (Luminous Intensity per 
Unit Current) vs. Peak LED Current. 



Idc - DC CURRENT PER LED - mA 

Figure 6. Relative Luminous Intensity vs. DC Forward Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 
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e^i 


HEWLETT 

PACKARD 


COMMERCIAL 
LIGHT EMITTING 
DIODES 


5082-4850 

5082-4855 

5082-4484 

5082-4494 


TECHNICAL DATA MARCH 1980 


S082-4860/4855 


11,0 (450) 
as <.390) 



1.15 (.045) 
0.88 (.035) 


Features 


• LOW COST: BROAD APPLICATION 

• LONG LIFE: SOLID STATE RELIABILITY 

• LOW POWER REQUIREMENTS: 20mA @ 1.6V 

• HIGH LIGHT OUTPUT 

0.8 mcd TYPICAL FOR 5082-4850/4484 
1.4 mcd TYPICAL FOR 5082-4855/4494 

• WIDE VIEWING ANGLE 

• RED DIFFUSED LENS 


Ida < 

r I T// 5.6 (.220) 


-2.54 (.100) MOM. 


5082-4484/4494 




24.13(0.95) 
MIN. I 


25.40 (1.00) 
MIN. 


1 2.79 (.IK 

2.29 (.091 



0-51 (- 020 ) 

NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. SILVER PLATED LEADS. SEE APPLICATIONS 
BULLETIN 3. 

3. AN EPOXY MENISCUS MAY EXTEND -ABOUT 1mm 
(.040") DOWN THE LEADS. 


Description 


The 5082-4850/4855 and 5082-4484/4494 are Gallium Arsenide 
Phosphide Light Emitting Diodes intended for High Volume/Low 
Cost applications such as indicators for appliances, automobile 
instrument panels and many other commercial uses. 

The 5082-4850/4855 are T-1% lamp size, have red diffused lenses 
and can be panel mounted using mounting clip 5082-4707. 

The 5082-4484/4494 are T-1 lamp size, have red diffused lenses 
and are ideal where space is at a premium, such as high density 
arrays. 


Absolute Maximum Ratings at Ta=25°C 

Power Dissipation.lOOmW 

DC Forward Current (Derate linearly from 
50°Cat0.2mA/°C). 50mA 

Peak Forward Current... lAmp 

(Ijusec pulse width, SOOpps) 

Operating and Storage 

Temperature Range.-55°C to+100°C 

Lead Soldering Temperature. 230°C for 7 sec. 
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SOLID STATE 

‘ ( AMDO 














Electrical Characteristics at Ta=25°C 


Symbol 

f’arameters 

5082-4850 

5082-4855 

50824484 

5082-4494 

Units 

Test Conditions 

IVtln, 

Typ» 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ, 

Max. 

Min. 

Typ. 

Max. 

Iv 

Luminous 

Intensity 


0.8 


0.8 

1.4 



0.8 


0.8 

1.4 


mcd 

Ip««20mA 


Wavelength 


655 



655 



655 



655 


nm 

Measurement 
at Peak 

H 

Speed of 
Response 


10 



10 



10 



10 


ns 


C 

Capacitance 


100 



100 



100 



100 


PF 

Vp«0, 
f« IMHz 

Vf 

i 

Forward 

Voltage 


1.6 

2.0 


1.6 

2.0 


1.6 

2.0 


1.6 

2.0 

V 

Ip « 20mA 

1 

BVr 

Reverse 

Breakdown 

Voltage 

3 

10 


3 

10 


3 

10 


3 

10 


V 

Ir » tOOfiA 

^JC 

Thermal 

Resistance 


100 



100 



100 I 



100 


'’C/W 

Junction to 
Cathode Lead 



Vp - FORWARD VOLTAGE - VOLTS 

Figure 1. Forward Current Versus Forward Vol¬ 
tage Characteristic For 5082-4850/ 
4855/4484/4494. 


20 “ 10 “ 0 ° 10 “ 20 “ 



Figure 2. Relative Luminous intensity Versus 
Angular Displacement For 
5082-4850/4855. 


30“ 20“ 10“ 0“ 10“ 20° 30“ 



Figure 3. Relative Luminous Intensity Versus 
Angular Displacement For 
5082-4484/4494. 



If - FORWARD CURRENT - mA 

Figure 4. Relative Luminous Intensity Versus 
Forward Current For 5082-4850/ 
4855/4484/4494. 
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HEWLETT 

PACKARD 


SOLID STATE LAMPS 

5082-4403 
5082-4415 
5082-4440 
5082-4444 
5082-4880 SERIES 

TECHNICAL DATA MARCH 1980 

-1 


Features 


5.08 (.200 ) 
4.32 (.170) 



are plastic encapsulated Gallium Arsenide Phosphide 
Light Emitting Diodes. They radiate light in the 655 
nanometer (red light) region. 

The 5082-4403 and -4440 are LEDs with a red diffused 
plastic lens, providing high visibility for circuit board or 
panel mounting with a clip. 

The 5082-4415 and -4444 have the added feature of a 90° 
lead bend for edge mounting on circuit boards. 

The 5082-4880 series is available in three different lens 
configurations. These are Red Diffused, Clear Diffused, 
and Clear Non-Diffused. 

The Red Diffused lens provides an excellent off/on 
contrast ratio. The Clear Non-Diffused lens is designed 
for applications where a point source is desired. It is 
particularly useful where the light must be focused or 
diffused with external optics. The Clear Diffused lens is 
useful in masking the red color in the off condition. 


LED SELECTION GUIDE 


DIMENSIONS IN MILLIMETRES AND (INCHES). 


-4880 SERIES 


MINIMUM 

LONG LEAD (UNBENT) 

LIGHT 

Red 

Clear Non- 

Clear 

OUTPUT 

Diffused 

Diffused 

Diffused 

(ificd) 

Lens 

Lens 

Lens 

0.5 

5082-4880 

5082-4883 

5082-4886 

1.0 

5082-4881 

6082-4884 

5082-4887 

1.6 

5082-4882 

5082-4885 

5082-4888 


SHORT LEAD j 

0.3 

0.8 

5082-4440 

6082-4403 

UNBENT 

0,3 

0.8 

5082-4444 

5082-4415 

BENT 



Maximum Ratings at \=25°C 

DC Power Dissipation.100mW 

DC Forward Current .50 mA 

(Derate linearly from 50°C at 0.2mA/°C) 

Peak Transient Forward Current.1 Amp 

(Ipsec pulse width, 300 pps) 

Isolation Voltage (between lead and base). 300 V 

Operating and Storage 

Temperature Range ...-55°Cto+100°C 

Lead Soldering Temperature. 230°Cfor7sec 
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Electrical Characteristics at \=25°C 




5082*4403 

5082-4415 

5082-4440 

5082-4444 

5082-4880 

5082-4883 

5082-4886 

5082-4881 

5082-4884 

5002-4887 

5082-4882 

5082-4885 

5082-4888 


Test 

Symbol 

Parametar 

Min. Typ. Max. 

Min, Typ. Max. 

Min. Typ. Max. 

Min. Typ. Max. 

Min. Typ. Max. 

Units 

Conditions 

iV 

Luminous 

Intensity 

0.8 1.2 

0.3 0.7 

0.5 0,8 

1.0 1.3 

1.6 1.8 

mcd 

If “ 20mA 

^PEAK 

Wavelength 

655 

655 

655 

655 

655 

nm 

Measurement 
at Peak 


Speed of 
Response 

15 

15 

15 

IS 

15 

ns 


C 

Capacitance 

100 ' 

100 

100 

100 

100 

PF 


^JC 

T nermal i 

Resistance 

87 

87 

too 

100 

too 

^C/W 

Junction to 
Cathode Lead 

Vf 

Forward 

Voltage 

1.6 2.0 

1.6 2.0 

1.6 2.0 

1.6 2.0 

1.6 2.0 

V 

.j 

ip = 20mA 

BVb 

Reverse Break¬ 
down Voltage 

3 10 

3 10 

3 10 

3 10 

3 10 

V 

IR = 100juA 


TYPICAL RELATIVE LUMINOUS INTENSITY VERSUS ANGULAR DISPLACEMENT 


44XX 4880,4881,4882 FORWARD CURRENT VS. VOLTAGE 

CHARACTERISTICS 


30“ 20° 10“ 0“ 10“ 20“ 30“ 30“ 20“ 10“ 0“ 10“ 20“ 30° 



4883,4884,4885 4886,4887,4888 LUMINOUS INTENSITY VS. FORWARD 

CURRENT (Ip) 


30“ 20“ 10“ 0“ 10“ 20“ 30“ 30' 20“ 10“ 0' 10' 20' 30' 









HEWLETT 

PACKARD 


SOLID SfATf lAMPS 


TECHNICAL DATA MARCH 1980 


Features 

• HIGH INTENSITY: O.Smcd TYPICAL 

• WIDE VIEWING ANGLE 

• SMALL SIZE T-1 DIAMETER 3.18nfim (0.125”) 

• IC COMPATIBLE 

• RELIABLE AND RUGGED 


Description 




4.78 (.lasi 


The 5082-4480 is a series of Gallium Arsenide Phosphide 
Light Emitting Diodes designed for applications where 
space is at a premium, such as in high density arrays. 

The 5082-4480 series is available in three lens configura¬ 
tions. 

5082-4480 — Red Diffused lens provides excellent on-off 
contrast ratio, high axial luminous intensity, and wide view¬ 
ing angle. 

5082-4483 — Same as 5082-4480, but Clear Diffused 
to mask red color in the "off" condition. 

5082-4486 — Clear Non-Diffused plastic lens provides a 
point source. Useful when illuminating external lens, annun¬ 
ciators, or photo-detectors. 

Maximum Ratings at Ta=25°C 

DC Power Dissipation . 100mW 

DC Forward Current . 50mA 

(Derate linearly from 50°C at 0.2mA/°C) 

Peak Forward Current . .. 1 Amp 

(1 /xsec pulse width, 300 pps) 

Operating and Storage 

Temperature Range. —55°C to +100°C 

Lead Soldering Temperature. 230°C for 7 sec. 

Electrical Characteristics atT*=25®C 


a4.1SW.96)| 


t.82(.048> 


I 25,49 (1.091 
I MIN. 


U_L 

^1' " “'2.29(J 


2,79 (.1101 
2.29 (.999) 



0S1 i<m) 

'/NOtiS:-. 9.41 L916? 

1, ALL DISCISSIONS Afte IN MILLIMETRES (INCHES}. 
1 StiyiH ELATED LEAPS. SEE APPLICATIONS 
■';;'8ULLET*N3.; 

3, AN EPOXY meniscus MAY EXTEND ABOUT 1mm 
(.040") DOWN THE LEADS. 


PART NO. 

LiNS CONFIGURATION 

5082^1410 

R«dl OINusacI 


Ufitlnted D}ffu$ecl 

808244^ 

Clear Plastic 



5082'44^ 

5im2-4488 


Luminous Intensity 

Wavelength 

Speed of B^onse 

Capacitance 

Thermal Resistance 

Forward Voltage 

Reverse Breakdown Voltage 



Units 

Test Conditions 

mcd 

1 p « 20mA 

nm 

Measurement at Peak 

ns 

pF 

Vp*0,f*1IVIH2 

OC/W 

Junction to Cathode Lead 

V 

1 |s» 20mA 

V 

1 lOjuA 
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HEWLETT 

PACKARD 


LOW PROFILE 

50824487 

SOLID STATE LAMPS 

5082 4488 


TECHNICAL DATA MARCH 1980 


Features 

• LOW COST: BROAD APPLICATION 

• LOW PROFILE: 4.57mm (0.18”) LENS HEIGHT 
TYPICAL 

• HIGH DENSITY PACKAGING 

• LONG LIFE: SOLID STATE RELIABILITY 

• LOW POWER REQUIREMENTS: 

20mA @ 1.6V 

• HIGH LIGHT OUTPUT: O.Smcd TYPICAL 



1, ALL DIMENSIONS ARi IN MILLIMETRES (INCHES). 

2, SILVER PLATED LEADS. SEE APPLICATIONS 
BULLETIN 3. 

3, an epoxy meniscus may EXTEND ABOUT 1mm 
(.040") DOWN THE LEADS. 


Description 

The 5082-4487 and 5082-4488 are Gallium Arsenide Phosphide Light Emitting Diodes for High 
Volume/Low Cost Applications such as Indicators for calculators, cameras, appliances, 
automobile instrument panels, and many other commercial uses. 

The 5082-4487 is an untinted non-diffused, low profile T-1 LED lamp, and has a typical light output 
of 0.8 mcd at 20 mA. 

The 5082-4488 is an untinted non-diffused, low profile T-1 LED lamp, and has a guaranteed 
minimum light output of 0.3 mcd at 20 mA. 


Absolute Maximum Ratings at Ta=25°C 

DC Power Dissipation.. . lOOmW 

DC Forward Current [Derate linearly from 50°C at 0.2mA/°C]. 50mW 

Peak Forward Current [Ijusec pulse width, 300pps]. 1 Amp 

Operating and Storage Temperature Range.. —55°C to +100°C 

Lead Soldering Temperature.. 230°C for 7 sec. 
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HEWLETT 

PACKARD 


MATCHED ARRAYS OF 
SUBMINIATURE RED 
SOLID STATE LAMPS 


3 - ELEMENT. HLMP-6203 

4- ELEMENT. HLMP-6204 

5- ELEMENT. HLMP-6205 


TECHNICAL DATA MARCH 1980 


Features 

• EXCELLENT UNIFORMITY BETWEEN 
ELEMENTS AND BETWEEN ARRAYS 

• EASY INSERTION AND ALIGNMENT 

• VERSATILE LENGTHS — 3,4,5 ELEMENTS 

• END STACKABLE FOR LONGER ARRAYS 

• COMPACT SUBMINIATURE PACKAGE STYLE 

• NO CROSSTALK BETWEEN ELEMENTS 


Description 

The HLMP-62XX Series arrays are comprised of several 
Gallium Arsenide Phosphide Red Solid State Lamps 
molded as a single bar. Arrays are tested to assure 
uniformity between elements and matching between 
arrays. Each element has separately accessible leads and 
a red diffused lens which provides a wide viewing angle 
and a high on/off contrast ratio. Center-to-center spacing 
is 2.54mm (.100 in.) between elements and arrays are end 
stackable on 2.54mm (.100 in.) centers. 


Package Dimensions 



Absolute Maximum 
Ratings/Element at Ta=25°c 


Power Dissipation. lOOmW 

Average Forward Current (Derate linearly from 

50°C at 0.2mA/VC);. 50 mA 

Peak Forward Current (see Figure 4) ... 1000 mA 

Operating and Storage 

Temperature Range . -55°C to+100° C 

Lead Soldering Temperature [1.6 mm 
(0.063 in.) from body] . 245°C for 3sec. 



Notes: 

1. AK di menstons are in mitlimetres (inches). 

2. Sihrer-piated leads. See Aoplicatian Bulletin 3. 

3. User may bend leads as shown. 

4. Overall length is the number of elements times 
2.54mm {,1(» in.). 


■76 (.0^) p 
.89 {.035) 
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Electrical Specifications/Element at Ta=25°c 


Symbol 

Description 

Iv 

Axial Luminous Intensity 

2^1/2 

Included Angle Between Half 
Luminous Intensity Points 

^PEAK 

Peak Wavelength 

^d 

Dominant Wavelength 

■bh 

Speed of Response 

c 

Capacitance 

^JC 

Thermal Resistance 

Vp 

Forward Voltage 

BVr 

Reverse Breakdown Voltage 

nv 

Luminous Efficacy 


Wlin, I Typ. I Max. Units 


Test Conditions 


= 10 mA,‘ Note 1 


1.6 2.0 
To 


Deg. Note 2 

Measurement @ Peak 


nm Note 3 


ns 

Ti VF=^0;fTlMH2 ^ 

^C/W Junction to Cathode Lead at 
.79mm(.031 inlfrom the body 

V Ip ^ 10 mA 

V Ir - 100 mA 
ImA/V Note 4 



1. Arrays categorized for luminous intensity. 

2. a 1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

3. Dominant wavelength, \cl, is derived from the CIE Chromaticity Diagram and is that single wavelength which defines the color of 
the device. 

4. Radiant intensity, Ig, in watts/steradian, may be found from the equation Ig = \\//ri^, where Iv is the luminous intensity in candelas 
and is the luminous efficacy in lumens/watt. 


30 





1.40 1.50 1.60 1.70 

Vp - FORWARD VOLTAGE - VOLTS 


0 10 20 30 40 50 

If - FORWARD CURRENT - mA 


0 20 40 60 80 100 

•peak - peak current - mA 


Figure 1. Forward Current vs. Figure 2. Relative Luminous Intensity Figure 3. Relative Efficiency 

Forward Voltage. vs. DC Forward Current. (Luminous Intensity per Unit 

Current) vs. Peak Current. 




2 — 


)A: 


1 10 100 1000 10,000 
tp - PULSE DURATION - jus -► 

Figure 4. Maximum Tolerable Peak Current 
vs. Pulse Duration. (Iqq MAX 
as per MAX Ratings). 


I j 1^ 

Figure 5. Relative Luminous Intensity vs. Angular Displacement. 
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HEWLETT 

PACKARD 


5 VOLT LED RESI^R L^PS 

HIGH EFHaEIMCYl?ED«HLMP-36flO 
YEUOW • HlMP-3850 
GREEN * mMP-3680 


TECHNICAL DATA MARCH 1980 


Features 

• INTEGRAL CURRENT LIMITING RESISTOR 

• INTEGRAL REVERSE PROTECTION DIODE 

• TTL COMPATIBLE: REQUIRES NO EXTERNAL 
CURRENT LIMITER WITH 5 VOLT SUPPLY 

• COST EFFECTIVE: SPACE SAVING 

• PANEL MOUNTABLE T>iy4 PACKAGE 

• WIRE WRAPPABLE LEADS 

• WIDE VIEWING ANGLE 


Description 

The HLMP-3600 series lamps contain an integral current 
limiting resistor and reverse current protection diode in 
series with the LED. This allows the lamp to be driven from 
a 5 volt source without the need for an external current 
limiter. The -3600 and -3650 lamps utilize LED chips which 
are made from GaAsP on a transparent GaP substrate. 
The -3680 lamp utilizes an LED chip made from GaP on a 
transparent GaP substrate. These T-1% lamps are 
diffused to provide wide off-axis viewing and may be front 
panel mounted using the 5082-4707 clip and ring. The 
leads are wire wrappable. 


Absolute Maximum Ratings 

(Ta = 25°C unless otherwise specified) 


DC Forward Voltage (Ta = 25°C)I^' . 7.5V 

Reverse Voltage . 20V 

Operating Temperature Range . -40°C to 85°C 

Storage Temperature Range . -40°C to 85°C 

Lead Soldering Temperature . 260°C for 5 sec. 

[1.6 mm (0.063 inch) from body] 

Notes; 


1. Derate from Ta = 50°C at 0.071V/°C. See Figure 3. 



o-N-Wv-N-o 

ANODE V CATHODE 


Package Dimensions 
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Electrical/Optical Characteristics at Ta=25°c 




Device 






Symbol 

Parameter 

HLMP- 

Min. 

Typ. 

Max. 

Units 

Test Conditions 


Axial Luminous Intensity^"^^ 

3600 

1.0 

2.4 




Iv 

3650 

1,0 

2.4 


mcd 

Vf = 5 Volts 



3680 

0.8 

1.8 




201/2 

Included Angle Between Half 
Luminous Intensity Points 

All 


90 



Note 1 (See Figure 4) 



3600 


635 




XPeak 

Peak Wavelength 

3650 


585 


nm 

Measurement at Peak 



3680 


565 






3600 


626 




\d 

Dominant Wavelength 

3650 


585 i 


nm 

Note 2 



3680 


572 




R0J-PIN 

Thermal Resistance 

All 


90 


^C/W 

Junction to Lead at 

3 mm from Body 



3600 


10 

16 



If 

Forward Current 

3650 


10 

15 1 

mA 

Vf == 6 Volts 



3680 


12 

15 , 



IR 

Reverse Current 

All 



10 I 

mA 

Vr- 12 Volts 



3600 


147 




7?V 

Luminous Efficacy 

3650 


570 


m/W 

Notes 



3680 


666 





Notes; 

1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Xd, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation le = Iv/ttv, where Iv is the luminous intensity in candelas and rjv is the luminous 
efficacy in lumens/watt. 

4. The luminous intensity may be adjusted for operating ambient temperature 
by the following exponential equation: Iv (Ta) = Iv (25°C) el^ (Ta- 25 ‘’C)] 


-3600 -0.0131/° C 

-3650 -0.0112/°C 

-3680 -0.0104/° C 




Figure 1. Relative Luminous intensity vs. Applied Forward Voltage 


Vcc - APPLIED FORWARD VOLTAGE - V 

Figure 2. Forward Current vs. Applied Forward Voltage 
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Kgi HEWLETT 

RED 5 AND 12 VOLT 

HLMP-3105 

mitim PACKARD 

LED RESISTOR LAMPS 

HLMP-3112 


TECHNICAL DATA MARCH 1980 


Features 

• INTEGRAL CURRENT LIMITING RESISTOR 

• INTEGRAL REVERSE DIODE PROTECTION 

• TTL COMPATIBLE: REQUIRES NO EXTERNAL 
CURRENT LIMITER WITH 5 VOLT/12 VOLT 
SUPPLY 

• COST EFFECTIVE: SPACE SAVING 

• PANEL MOUNTABLE T-l^ PACKAGE 

• WIRE WRAPPABLE LEADS 

• WIDE VIEWING ANGLE 


Description 

The HLMP-3105 and -3112 lamps contain an integral 
current limiting resistor and reverse current protection 
diode in series with the LED. This allows the lamp to be 
driven from a 5 volt/12 volt source without the need for an 
external current limiter. Both lamps utilize LED chips 
which are made from GaAsP on a GaAsP substrate. The 
color is standard red. These T-1% lamps are diffused to 
provide wide off-axis viewing and may be front panel 
mounted using the 5082-4707 clip and ring. The leads are 
wire wrappable. 


Absolute Maximum Ratings 

(Ta = 25°C unless otherwise specified) 


1 

HLMP*310S 

HLMP-3112 

DC Forward Voltage {Ta’**25'’C' 

Reverse Voltage 

Operating Temperature Range 

Storage Temperature Range 

Lead Soldering Temperature 
(1.6 mm I0.063 inchi from body) 

7.5 Volts 

20 Volts 

-40‘’C to 

-40°Ctoa5^C 

15 Volls!^! 

20 Volts 

-40° C to 85° C 

-40° C to 85°C 

260° C for 5 seconds 


Notes: 

1. Derate from Ta = 50°C at 0.071V/°C. See Figure 3. 

2. Derate from Ta = 50°C at 0.086V/°C. See Figure 3. 



Package Dimensions 



OlMENStONS IN MlLtlMETSES OMCHtSL 
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Electrical/Optical Characteristics at Ta=25°c 


Symbol 

Parameter 

HLMP-3105 

HLMP-3112 

Units 

Test Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Iv 

Axial Luminous Intensity^**^ 

0.8 

1.5 


0.8 

1.5 


mcd 

mcd 

Vf ^ 6 Volts 

Vf= 12 Volts 

2^1/2 

Included Angle Between Half 
Luminous Intensity Points 


90 



90 



Note 1 (See Figure 2) 

Xpeak 

Peak Wavelength 


655 



665 


nm 

Measurement at Peak 

Ad 

Dominant Wavelength 


640 



640 


nm 

Note 2 

R^j-pin 

Thermal Resistance 


90 



90 ^ 


°C/W 

Junction to 

Lead at 3mm from Body 

If 

Forward Current 


13 

20 


14 

20 

mA 

mA 

Vf = 5 Volts 

Vf=- 12 Volts 

Ir 

Reverse Current 



10 



10 

mA 

Vr == 12 Volts 

7?V 

Luminous Efficacy 


55 



55 


Im/W 

Note 3 


Notes; 

1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Ad, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation le = lv/? 7 v, where Iv is the luminous intensity in candelas and riv is the luminous 
efficacy in lumens/watt. 

4. The luminous intensity may be adjusted for operating ambient temperature by the following exponential equation: 

Iv (Ta) - Iv (25°C) 



0 2 4 I 6 |8 10 12 14 I 16 

5 7.5 15 

Vcc - APPLIED FORWARD VOLTAGE - V 


Figure 1. Relative Luminous Intensity vs. Applied Forward Voltage 



Vcc - APPLIED FORWARD VOLTAGE - V 

Figure 2. Forward Current vs. Applied Forward Voltage 



Ta - AMBIENT temperature-°C 



Figures. Maximum Allowed Applied Forward Voltage Figure 4. Relative Luminous Intensity vs. Angular Displacement 

vs. Ambient Temperature = 175°C/W 
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HEWLETT 

PACKARD 


RESISTOR LEDS 


5082-4860 

5082-4468 


TECHNICAL DATA MARCH 1980 



6.10I240) 

QJ6 {.osor^lr— t 

0.51 * 

5082-4860 



OlMgNStONS IN IVULtlMETRES AKO (INCHES) 



NOTES; 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. SILVER PLATED LEADS. SEE APPLICATIONS 
BULLETIN 3. 

3. AN EPOXY MENISCUS MAY EXTEND ABOUT Iram 
(.040") DOWN THE LEADS. 


NOTE: AN EPOXY MENISCUS MAY EXTEND ABOUT 
Imm (0.040") DOWN THE LEADS. 


5082-4468 


Features 

• TTL COMPATIBLE: 16mA @ 5 VOLTS TYPICAL 

• INTEGRAL CURRENT LIMITING RESISTOR 

• T-1 DIAMETER PACKAGE, 3.18mm (.125 in.) 

T-13/4 diameter package, 5.08mm (.200 in.) 

• RUGGED AND RELIABLE 

Description 

The HP Resistor-LED series provides an integral current limiting resistor in series with the LED. Applica¬ 
tions include panel mounted indicators, cartridge indicators, and lighted switches. 

The 5082-4860 is a standard red diffused 5.08mm (.200") diameter {T-^% size) LED, with long wire wrap- 
pable leads. 

The 5082-4468 is a clear diffused 3.18mm (.125") diameter (T-1 size) LED. 

Absolute Maximum Ratings at Ta-25°C 


DC Forward Voltage [Derate linearly to 5V @ 100°C] .. 7.5V 

Reverse Voltage .. 7V 

Isolation Voltage [between lead and base of the 5082-4860]. 300V 

Operating and Storage Temperature Range. —55°C to +100°C 

Lead Soldering Temperature ... 230 °C for 7 sec. 
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Electrical Characteristics at T*=25°C 




5082-4860/-4468 ' 


Symbol 

Parameters 

Min, Typ. Max. 

Units 

'v 

Luminous Intensity 

1 0,3 0.8 

mcd 

^PEAK 

Wavelength 

655 

nm 


Speed of Response 

15 

ns 

Ip 

Forward Current 

j 16 20 

[ . 

mA 

BVr 

Reverse Breakdown Voltage 

I 3 

V 


Test Conditions 

V|= « 5.0V 
Measurement at Peak 


Vp=5,0V 


TYPICAL RELATIVE LUMINOUS INTENSITY VERSUS ANGULAR DISPLACEMENT 


30' 20' 10' 0' 10' 20' 30' 

mm?] 


50' \ 

60'. ^ 


\Ama 




1 



4 



t 



4 








30' 20' 10° 0' 10' 20' 30' 

n:——7i 


/\ 







Vp - FORWARD VOLTAGE - V 


-75 -50 -25 0 25 50 75 100 

Tp - CASE TEMPERATURE - “C 


Vp - FORWARD VOLTAGE - V 


Figure 1. Typical DC Forward Current - 
Voltage Characteristic 


Figure 2. Relative Luminosity vs. Case 
Temperature 


Figure 3. Relative Luminous intensity 
vs. Voltage 
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VOLTAGE SENSING LED 


5082-4732 


TECHNICAL DATA MARCH 1980 


OUTLINE DRAWING 

t>U6TlC 



'i (.&90) 

OM (,02S1 , . 

0.3$ (.015) I r~ 

C.51 p20) 

0.41 (.016) 

NOTES: 

1. all OrMENSlONS are in M«LLIMETRES (INCHES). 

2. SILVER PLATED LEADS. SEE APPLICATIONS 
BULLETINS. 

3. AN EPOXY MENISCUS MAY EXTEND ABOUT Imn* 
(.040") DOWN THE LEADS. 



BLOCK DIAGRAM 



Features 

• HIGH SENSITIVITY: lOmV ON TO OFF 

• BUILT IN LED CURRENT LIMITING 

• TEMPERATURE COMPENSATED THRESHOLD 
VOLTAGE 

• COMPACT: PACKAGE INCLUDES 
INTEGRATED CIRCUIT AND LED 

• GUARANTEED MINIMUM LUMINOUS 
INTENSITY 

• THRESHOLD VOLTAGE CAN BE INCREASED 
WITH EXTERNAL COMPONENT 

Applications 

• Push-to-test battery voltage tester (pagers, 
cameras, appliances, radios, test equipment...) 

• Logic level indicator 

• Power supply voltage monitor 

• V-U meter 

• Analog level sense 

• Voltage indicating arrays — use several with 
different thresholds 

• Current monitor 


Description 

The HP voltage sensing LEDs use an integrated circuit and a 
red GaAsP LED to provide a complete voltage sensing function 
in a standard red diffused T-1 LED package. When the input 
voltage (V||^) exceeds the threshold voltage (Vj^) the LED 
turns "on". The high gain of the comparator provides un¬ 
ambiguous indication by the LED of the input voltage with 
respect to the threshold voltage. The V-l characteristics are 
resistive above and below the threshold voltage. This allows 
battery testing under simulated load conditions. Use of a 
resistor, diode or zener in series allows the threshold voltage 
to be increased to any desired voltage. A resistor in parallel 
allows the sensing LED to be used as a current threshold 
indicator. 

The 5082-4732 has a nominal threshold voltage of 2.7V. 

Absolute Maximum Ratings 


Storage Temperature. -55^C to +100°C 

Operating Temperature. -55°C to +85°C 

Lead Solder Temperature. 230°C for 7 Sec 

Input Voltage — V|N UJ.+5V dc 

Reverse Input Voltage — Vr. -0.5V 

NOTES: 


1. Derate linearly above 50°C free-air temperature at a rate of 37mV/°C. 
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tummous Intensity 
Wavelength 


Dominant Wavelength 


V|M « 2J5V 
V|N S.OV _ 

V[N^2J5V _ 

Measurement at peak 


Note 1 
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Ta »2 
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"OFP 'TO "ON" 

/ 



1 

— 







1 









Ta»^ 

6°C 









Al, 

H -1 

y| 

oon 

V 




L_^ 


r 


AVjN 

^ 80J 


7^ 









0123456 0123456 


V,M - INPUT VOLTAGE - V 


V.M - INPUT VOLTAGE - V 


30° 20° 10° 0° 10° 20° 30° 




Figure 1. Luminous Intensity vs. Figure 2. Input Current vs. Input Voltage. Figure 3. Relative Luminous Intensity vs. 

Input Voltage. Angular Displacement. 


Techniques For increasing The Threshoid Voitage 


EXTERNAL 

COMPONENT 



External Component 

X 

> 

av'th 

TC«-(mV/°C) 

_ Schottky Diode 

0-Nl-^ 

v'th (HP 5082^2835) 

Vth 0.45V 


P-N Diode 

p-N-0 

v'th Vth {tN914) 

Vth +0.75V 

-2.6 

^ LED 

o——N-0 

Vth ^TH (HP 5082*4484) 

Vth + 1-0 V 

-2.9 

^ ^ Zener Diode 

°—M^ 

V'tH V ''th 

V2 

Vth+Vz 

—1 + Zener TC 


Notes: 1. The dominant wavelength, \c|, is derived from the CIE chromaticity diagram and represents the single wavelength which 

defines the color of the device. 

2. IJH is the maximum current just below the threshold, Vjh. Since both I jh and Vjh are variable, a precise value of 
V'th is obtainable only by selecting R to fit the measured characteristics of the individual devices (e.g., with curve tracer). 

3. The temperature coefficient (TC) will be a function of the resistor TC and the value of the resistor. 
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Features 


• IDEAL FOR TTL AND LSTTL GATE 
STATUS INDICATION 

• REQUIRES NO EXTERNAL RESISTORS WITH 
5 VOLT SUPPLY 

• SPACE SAVING SUBMINIATURE PACKAGE 

• TWO CHOICES OF CURRENT LEVEL 

• RUGGED INTEGRAL RESISTOR AND 
REVERSE PROTECTION DIODE 





• EXCELLENT VIEWING ANGLE 


Description 


The HLMP-6600 and HLMP-6620 provide a Red 
Gailium Arsenide Phosphide on Gaiiium Phos¬ 
phide Light Emitting Diode together with an 
integrai biasing resistor and reverse protection 
diode. The package has a red diffused iens and 
radiai ieads. Tape-and-reel mounting is avaiiabie 
on request. 


Absoiute Maximum Ratings 



HLMP>$600 HLMP-6620 

DC Forward Voltage 

6 Volts 

6 Volts 

Reverse Voltage 

15 Volts 

15 Volts 

Operating Temperature Range 

-55^ C to TO'^C 

Storage Temperature Range 

-55®Cto lOO^C 

Lead Soldering Temperature 
[1.6mm (0.063 in.) from body] 

246® C for 5 sec. 


Package Dimensions 


_J L .46 (.018) 

n r .56 (.022) 



■'*8 ( 007) 1.91 (.075) MAX. 

.23 (.009) 




NOTES: 

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES). 

2. SILVER-PLATED LEADS. SEE APPLICATION BULLETIN 3. 

3. USER MAY BEND LEADS AS SHOWN. 
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Electrical/Optical Characteristics at Ta=25°C 


Symbol 

Parametor 

HLMP*6$00 

HLMP-eeao 

Units 

Test Conditions 

twin. Typ, Max. 

Min. Typ. Max. 

Iv 

Axial Luminous Intensity 

1.0 2,4 ~ 

0.2 0.6 — 

mcd 

Vf ~ 5 Volts 
{See Figure 1) 

201/2 

Included Angle Between 
Half Luminous Intensity 
Points 

90^ 

90’=' 


Note 1 

(See Figure 2) 

XPEAK 

Peak Wavelength 

635 

635 

nm 

Measurement at 
Peak 

Xd 

Dominant Wavelength 

628 

628 

nm 


Oj 

Thermal Resistance 

120 

120 

, 

'•C/W 

Junction to 
Cathode Lead at 
0.79mm (0.031 In.) 
From Body 

!f 

Forward Current 

9.6 13 

3.5 5 

mA 

Vf- 5 Volts 
(See Figure 3) 

IR 

Reverse Current 

10 

.’0.i 

/uA 

Vr= 15 Volts 


Luminous Efficacy 

147 

147 1 

Im/W 

Note 3 


NOTES: 

1. 01/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Ad, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the 
color of the device. 

3. Radiant intensity, le, in watts/steradian, may be found from the equation le = Iv/r7v> where Iv is the luminous intensity in candelas and r)y 
is the luminous efficacy in lumens/watt. 



Vf - FORWARD VOLTAGE - VOLTS 
Figure 1. Relative Luminous Intensity vs. 
Forward Voltage. 


16 




Figure 2. Relative Luminous intensity vs. 
Angular Displacement. 



Vf - FORWARD VOLTAGE - VOLTS 


WAVELENGTH-nm 


Figure 3. Forward Current vs. Forward 
Voltage. 


Figure 4. Relative Intensity vs. Wavelength. 
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Features 

• CHOICE OF 4 COLORS 

Red 

High Efficiency Red 

Yellow 

Green 

• DESIGNED FOR HIGH-RELIABILITY 
APPLICATIONS 

• HERMETICALLY SEALED 

• WIDE VIEWING ANGLE 

• LOW POWER OPERATION 

• 1C COMPATIBLE 

• LONG LIFE 

• PANEL MOUNT OPTION HAS WIRE 
WRAPPABLE LEADS AND AN 
ELECTRICALLY ISOLATED CASE 

Description 

The 1N5765, 1N6092, 1N6093, and 1N6094 are hermeti¬ 
cally sealed solid state lamps encapsulated In a TO-46 
package with a tinted diffused plastic lens over a glass 
window. These hermetic lamps provide good on-off 
contrast, high axial luminous intensity and a wide viewing 
angle. 

All of these devices are available in a panel mountable 
fixture. The semiconductor chips are packaged in a 
hermetically sealed TO-46 package with a tinted diffused 
plastic lens over glass window. This TO-46 package Is 
then encapsulated in a panel mountable fixture designed 
for high reliability applications. The encapsulated LED 
lamp assembly provides a high on-off contrast, a high 
axial luminous intensity and a wide viewing angle. 


' ■ Center 

Descriptfon 


Red. 

Yellaw 

Green 

Base Hermetic Part 

■■EEEHi 


imm 

1N6094 

Base Hermetic Part 
in PaneHMouht 


6082-46S7 

6062-4687 

6082-4987 

JAN Part 

; ;:;i3ANiNs?a$ 


JAN1N6096 

3AN1N6094 

3AN Part in 

Panel-Mount 

;;5>^FfLMP-09i0^ "; 


M1960(}/520-6i 

M19S0O/521-O1 

JANTX Part 



4ANTX1NW3 

3ANTX1N6094 

JANTXPartIn 

Panel-Mount 

'■;HLMP-O031r;'S 


M19500/620-02 

M19500/521-02 


*Panel-Mount versions of all of the above are available per the selection matrix on this page. 



HERMETIC PANEL MOUNT 


The 1N5765 utilizes a GaAsP LED chip with a red diffused 
plastic lens over glass window. 

The 1N6092 has a high efficiency red GaAsP on GaP LED 
chip with a red diffused plastic lens over glass window. 
This lamp’s efficiency is comparable to that of a GaP red 
but extends to higher current levels. 

The 1N6093 provides a yellow GaAsP on GaP LED chip 
with a yellow diffused plastic lens over glass window. 

The 1N6094 provides a green GaP LED chip with a green 
diffused plastic lens over glass window. 
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SOLID STATE 
LAMPS 


























JAN 1N5765: Samples of each lot are subjected to Group A inspection for parameters listed in Table I, and to Group 

B and Group C tests listed below. All tests are to the conditions and limits specified by Ml L-S-19500/467. A summary of 
the data gathered In Groups A, B, and C lot acceptance testing Is supplied with each shipment. 

JAN TX 1N5765: Devices undergo 100% screening tests as listed below to the conditions and limits specified by Ml L- 

S-19500/467. The JAN TX lot is then subjected to Group A, Group B and Group C tests as for the JAN 1N5765 above. 
A summary of the data gathered in Groups A, B and C acceptance testing can be provided upon request. Serialized data can 
be gathered, but lead times will be increased accordingly. 


Group B Sample Acceptance Tests 

Method 

Mlt.STD-750 

Group C Sample Acceptance Tests 

Method 

MlL-STD-750 

Physical Dimensions 

2066 

Low Temp. Operation (-BB^C) 




Breakdown Voltage 

4021 

Solderability 

2026 

Temperature Cycling 

1051A 



Resistance to Solvents 

♦ 

Thermal Shock 

1056A 

Temp. Storage (lOO^C, IK hours) 

1031 



Operating Life (50mAdc, IK hours) 

1026 

Temperature Cycling 

1051A 





Peak Forv^ard Pulse Current 


Pine Leak Test 

1071H 





TX Screening (100%) 


Gross Leak Test 

1071C 





Temp. Storage (lOO^C, 72 hours) 


Moisture Resistance 

1021 





Temperature Cycling 

1051A 

Mechanical Shock 

2016 





Constant Acceleration 

2006 

Vibration 

2056 





Fine Leak Test 

1071H 

Constant Acceleration 

2006 





Gross Leak Te$t 

1071C 

Terminal Strength 

2036E 





Burn-in (BOmAdc, 168 hours) 


Salt Atmosphere 

1041 





Evaluation of Drift 


Temp. Storage (lOO^C, 340 hours) 

1032 

(lyi^ 


Operating Life (50mAdc, 340 hours) 

1027 




*MIL-STD-202 Method 215 


Electrical / Optical Characteristics atTA=25°C 

(Per Table I, Group A Testing of Ml L-S 19500/467) 


Specification 

Symbol 

Min. 

Max. 

Units 

Test Conditions 

Luminous Intensity (Axial) 

Iv1 

0.5 

3.0 

mcd 

\p =20mAdc, 0 ^0° 

Luminous Intensity (off Axis) 

‘v2 

0.3 


mcd 

Ip = 20mAdc, 0 ~ 30° [see Note 1] 

Wavelength 


630 

700 

nM 

Design Parameter 

Capacitance 

C 


300 

pF 

Vf^ =0, f-IMHz 

Forward Voltage 

Vf 


2.0 i 

Vdc 

ip = 20mAdc 

Reverse Current 

<R 


1 

pAdc 

Vn = 3 Vdc [see Note 11 


NOTES: 

1. These specifications apply only to JAN/JAN TX levels. 
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Absolute Maximum Ratings at Ta=25°C 


Parameter 

Red 

1N5765/4787 

High Eft. Red 
1N6092/4687 

Yellow 

1N6093/4587 

Green 

1N6094/4987 

Units 

Power Dissipation 
(derate linearly from 50'" C at 

I.emW/'^C) 

100 

120 

120 

120 

mW 

DC Forward Current 

5om 

35 I 2 ] 

35f2I 

35t2| 

mA 

Peak Forward Current 

1000 

See Fig. 5 

60 

See Fig. 10 | 

60 

See Fig. 15 

60 

See Fig. 20 

mA 


Operating and Storage 
Temperature Range 

Lead Soldering Temperature 
[1.6mm (0.063 in:) from body) 

1. Derate from 50® C at 0.2mA/® C 

2. Derate from 50° C at 0.5mA/°C 


~65^C to 100 ‘’C 
260*^0 for 7 seconds. 


Electrical/Optical Characteristics at Ta=25°C 




I 1N 5765/5082-4787 | 

|1N6092/5082-46871 

|lN6093/5082-4587 | 

1 ‘IN6094/5082-4987 | 





Min. 

Typ. 

1 Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

1 Min. 1 

1 

1 Max. 1 



Iv 

Axial Luminous 

Intensity 

0.5 

1.0 


1.0 

2.5 


1.0 

2.5 


0.8 1 1.6 1 

At If 25mA 
.1 1_ 

mcd 

If = 20mA 

Figs. 3.8,13.18 

201.2 

Included Angle 
; Between Half 

Luminous intensity 
Points 


60 



70 



70 



70 


deg. 

Note 1 . Figures 

6. 11, 16, 21 

Apr:.-\K 

Peak Wavelength 


'655 



635 



583 



565 ^ 


nm 

Measurement 
at Peak 

Xd 

Dominant Wavelength 


640 



826 



585 



570 


nm 

Note 2 

’"K 

Speed of Response 


10 



200 



200 



200 


ns 


c 

Capacitance 


200 



35 



35 



35 


PF 

Vi --0; f«1 MHz 

0jr 

Thermal Resistance* 


425 



425 



426 



425 


^c/w 

Note 3 

1 0JC 

Thermal Resistance** 

.I 

550 



550 



550 



550 


^c/w : 

Notes 

Vr 

Forward Voltage 

j 

1.6 

2.0 


2.0 

i 

3-0 


2.0 

, 3.0 

A 

2.1 1 3.0 
t If == 25mA 

_ 

V 

If = 20mA 
Figures 2, 7, 

12. 17 

BVr 

Reverse Breakdown 
Voltage 

4 I 

5 


5.0 



5.0 



5.0 



V 

Ir 100/iA 

ryv 

Luminous Efficacy 


56 



^ 140 



455 



600 


Im/W 

Note 4 


1. © 1/2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. The dominant wavelength, Xd, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the color of the device. 

3. Junction to Cathode Lead with 3.18mm (0.125 inch) of leads exposed between base of flange and heat sink. 

4. Radiant intensity, U, in watts/steradian, may be found from the equation 4 = Iv/t 7 v, where L is the luminous intensity in candelas and tjv is the luminous 
efficacy in lumens/watt. 

‘Panel mount. 

“TO-46 




WAVELENGTH - nm 

Figure 1. Relative Intensity vs. Wavelength. 
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SOLID STATE 
LAMPS 








Package Dimensions 

5082-4787, 4687, 4587, 4987 


1N5765, 1N6092,1N6093, 1N6094 



UNf ■2A {NOTE 31 
INOUCTIVE SURFACE {AlODINE) 


NOTES: ■ . ^ ---" 

% AtL EXTERNAL MSTAE J^RFACES OF THE PACKAGE 
ARE BLACK ANOOIZED EXCEPT FOR THE ALOOINE 
AREA OF THE FLANGE ANO THE GOLD PLATED LEADS, 

2. MOUNTING HAROWARE WHICH INCLUDES ONE LOCK 
WASHER AND ONE HEX-NUT IS INCLUDED WITH EACH 
panel mountable HERMETIC SOLID STATE LAMP, 

3. USE OF METRIC DRILL SIZE B.20 MILLIMETRES OR 
ENGLISH DRILL SIZE P 0 .^ INCH) IS RECOMMENDED 
FOR PRODUCING WDLfi IN THE PANEL FOR PANEL 
MOUNTING. . 

4. ALL DIMENSIONS ARE' IN fyllLLIMETRES {INCHES). 



246 LS70) ; 





TINTED PLASTIC 
OVER GLASS LENS 


GLASS/METAL 
HERMETIC CAN 


V GOLD PLATED 
KOVAR 


CATHODE-^, 

OUttlNETO^ 


" NOTES:. 

1. ALL DIMENSIONS ARE IN MlLl IMETRES (INCHES). 

2, GOLD-PLATED LEADS- 


RED 1N5765/5082-4787 


r- 

C 

/ 


/ 



1.40 1.50 1.60 1.70 

Vp - FORWARD VOLTAGE - VOLTS 

Figure 2. Forward Current vs. 
Forward Voltage. 

1N5765/4787 



Ip - FORWARD CURB ENT - mA 

Figure 3. Relative Luminous Intensity 
vs. Forward Current. 




50 100 150 200 250 300 350 

IpFAk - peak current - mA 


Figure 4. Relative Efficiency 

(Luminous Intensity per Unit 
Current) vs. Peak Current. 




mill 
_^miii 1 

iilfiSiiS!! 


- tp-PULSE WIDTH-MS 

Figure 5. Maximum Tolerable Peak Current vs. Pulse Duration. 
(Inc max as per MAX Ratings) 
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Figure 6. Relative Luminous Intensity vs. Angular Displacement. 
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Figure 7. Forward Current vs. 
Forward Voltage. 



Figures. Relative Luminous Intensity Figures. Relative Efficiency 

vs. Forward Current. (Luminous Intensity per Unit 

Current) vs. Peak Current. 



Figure 10. Maximum Tolerable Peak Cur- Figure 11. Relative Luminous Intensity vs. Angular Displacement, 

rent vs. Pulse Duration. (Ipc 
as per MAX Ratings) 


YELLOW 1N6093/5082-4587 






i 





/ 





/ 










J 




L J_ij 


1_1_1_ 



Vf - PEAK FORWARD VOLTAGE - V 

Figure 12. Forward Current vs. 

Forward Voltage. 



tp - PULSE DURATION - MS 

Figure 15. Maximum Tolerable Peak Cur¬ 
rent vs. Pulse Duration. (IDC MAX 
as per MAX Ratings) 


Ip - FORWARD CURRENT - mA IpE^^ - PEAK CURRENT - mA 

Figure 13. Relative Luminous Intensity Figure 14. Relative Efficiency 

vs. Forward Current. (Luminous Intensity per Unit 

Current) vs. Peak Current. 



Figure 16. Relative Luminous intensity vs. Angular Displacement. 
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SOLID STATE 
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HEWLETT 

PACKARD 


CLIP AND RETAINING 


RING FOR PANEL 

5082-4707 

MOUNTED LEDS 



TECHNICAL DATA MARCH 1980 


Description 

The 5082-4707 is a black plastic mounting clip 
and retaining ring. It is designed to panel mount 
Hewlett Packard Solid State high profile T - 1% 
size lamps. This clip and ring combination is in¬ 
tended for installation in instrument panels up to 
3.18mm (.125”) thick. For panels greater than 
3.18mm (.125”), counterboring is required to the 
3.18mm (.125”) thickness. 


Mounting instructions 

1. Drill an ASA C size 6.15mm (.242”) dia. 
hole in the panel. Deburr but do not 
chamfer the edges of the hole. 

2. Press the panel clip into the hole from 
the front of the panel. 


3. Press the LED Into the clip from the 
back. Use blunt long nose pliers to push 
on the LED. Do not use force on the 
LED leads. A tool such as a nut driver 
may be used to press on the clip. 


4. Slip a plastic retaining ring onto the back 
of the clip and press tight using tools such 
as two nut drivers. 
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• Red, High Efficiency Red, Yellow 
and Green Seven Segment Displays 

• Red Seven Segment Displays 

• Integrated Displays 

• Hermetically Sealed Integrated 
Displays 

• Alphanumeric Displays 
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SOLID STATE 
DISPLAYS 










Red, High Efficiency Red, Yellow and Green Seven Segment LED Displays 


Package 




H 

7.62mm (.3") 
Dual-In-Line 
.75"Hx.4"Wx.l8"D 





Device 


Description 


5082-7610 

High Efficiency Red, Common Anode, LHDP (14 Pin 
Epoxy) 

5082-7611 

High Efficiency Red, Common Anode, RHDP (14 Pin 
Epoxy) 

5082-7613 

High Efficiency Red, Common Cathode, RHDP 
(10 Pin Epoxy) 

5082-7616 

7.11mm (.29") High Efficiency Red, Universal Polarity 
Overflow Indicator RHDP (14 Pin Epoxy) 

5082-7620 

Yellow, Common Anode LHDP (14 Pin Epoxy) 

5082-7621 

Yellow, Common Anode RHDP (14 Pin Epoxy) 

5082-7623 

Yellow, Common Cathode, RHDP (10 Pin Epoxy) 

5082-7626 

7.11mm (.29") Yellow, Universal Polarity and 

Overflow Indicator RHDP (14 Pin Epoxy) 

5082-7630 

Green, Common Anode LHDP (14 Pin Epoxy) 

5082-7631 

Green, Common Anode RHDP (14 Pin Epoxy) 

5082-7633 

Green, Common Cathode RHDP (10 Pin Epoxy) 

5082-7636 

7.11mm (.29") Green, Universal Polarity and 

Overflow Indicator RHDP (14 Pin Epoxy) 

5082-7650 

High Efficiency Red, Common Anode, LHDP 

5082-7651 

High Efficiency Red, Common Anode, RHDP 

5082-7653 

High Efficiency Red, Common Cathode RHDP 

5082-7656 

10.36 (.4") High Efficiency Red Universal Polarity 
and Overflow Indicator RHDP 

5082-7660 

Yellow Common Anode LHDP 

5082-71B61 

Yellow Common Anode RHDP 

5082-7663 

Yellow Common Cathode RHDP 

5082-7666 

10.36 (.4") Yellow Universal Polarity and 

Overflow Indicator RHDP 


Application 


General Purpose Market 

• Test Equipment 

• Digital Clocks 

• Clock Radios 

• TV Channel Indicators 

• Business Machines 

• Digital Instruments 

• Automobiles 


Page 

No. 
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For further information see 
Application Notes 941 and 964 
beginning on page 332. 
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10.92mm (.43") 
Dual-ln-Line 
.75"Hx.5"Wx.25"D 
(14 Pin Epoxy) 





ic/t 

lul 


^0 Hi 

0 o 



+ + 


H 


7.62mm (.3") 

Dual-ln-Line 

.75"Hx.4"Wx.18"D 


5082-7670 

Green Common Anode LHDP 

5082-7671 

Green Common Anode RHDP 

5082-7673 

Green Common Cathode RHDP 

5082-7676 

10.36 (.4") Green Universal Polarity and Overflow 

Indicator RHDP 

H DSP-3530 

High Efficiency Red, Common Anode, LHDP (14 Pin 
Epoxy) 

H DSP-3531 

High Efficiency Red, Common Anode, RHDP (14 Pin 
Epoxy) 

H DSP-3533 

High Efficiency Red, Common Cathode RHDP 
(10 Pin Epoxy) 

H DSP-3536 

7.11mm (.29") High Efficiency Red, Universal Polarity 
Overflow Indicator RHDP (14 Pin Epoxy) 

H DSP-4030 

Yellow, Common Anode, LHDP (14 Pin Epoxy) 

H DSP-4031 

Yellow, Common Anode, RHDP 

H DSP-4033 

Yellow, Common Cathode, RHDP (10 Pin Epoxy) 

H DSP-4036 

7.11mm (.29") Yellow, Universal Polarity Overflow 
Indicator RHDP (14 Pin Epoxy) 
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Red, High Efficiency Red, Yellow and Green Seven Segment LED Displays (Cont.) 


Package 


Device 


Description 


Application 


Page 

No. 


:0 

; 0 ; 

? ?| 


H DSP-3730 


High Efficiency Red, Common Anode, LHDP 


H DSP-3731 


High Efficiency Red, Common Anode, RHDP 


HDSP-3733 


High Efficiency Red, Common Cathode, RHDP 


“I 


H DSP-3736 


10.36mm (.4") High Efficiency Red, Universal 
Polarity Overflow Indicator RHDP 


HDSP-4130 


Yellow, Common Anode LHDP 


HDSP-4131 


Yellow, Common Anode RHDP 


10.92mm (.43") 
Dual-In-Line 
.75"H X .5"W X .25"D 
(14 Pin Epoxy) 


H DSP-4133 


Yellow, Common Cathode RHDP 


HDSP-4136 


10.36mm (.4") Yellow, Universal Polarity 
Overflow Indicator RHDP 


: 0 : 


D 

n + 


5082-7730 


Red, Common Anode, LHDP 
(14 Pin Epoxy) 


5082-7731 


Red, Common Anode, RHDP 
(14 Pin Epoxy) 


5082-7736 


7.11mm (.29") Red, Common Anode, Polarity and 
Overflow Indicator (14 Pin Epoxy) 


7.62mm (.3") 
Dual-ln-Line 
.75"Hx .4"Wx.18"D 


5082-7740 


Red, Common Cathode, RHCFP 
(10 Pin Epoxy) 


'-Pi- 

:U- 

? ?i 


5082-7750 


Red, Common Anode, LHDP 


5082-7751 


Red, Common Anode, RHDP 


5082-7756 


10.92mm (.43") 
Dual-ln-Line 
.75"Hx.5"W x..25"D 
(14 Pin Epoxy) 


10.36mm (.4") Red, Universal Polarity and 
Overflow Indicator, RHDP 


5082-7760 


Red, Common Cathode, RHDP 



H DSP-3400 


Red, Common Anode LHDP 


HDSP-3401 


Red, Common Anode RHDP 


H DSP-3403 


Red, Common Cathode RHDP 


H DSP-3405 


Red, Common Cathode LHDP 


Dual-ln-Line 

1.09"Hx.78"Wx.33"D 
(18 Pin Epoxy) 


H DSP-3406 


18.87mm (.74") Red, Universal Polarity 
Overflow Indicator RHDP 


General Purpose Market 

• Test Equipment 

• Digital Clocks 

• Clock Radios 

• TV Channel Indicators 

• Business Machines 

• Digital Instruments 

• Automobiles 

For further information see 
Application Notes 941 and 964 
beginning on page 332. 
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Red Seven Segment LED Displays 


Description 


Application 





2.79mm(.H") Red, 3 Digits 
Right,tlJ Centered D.P. 

2.79mm(.ir') Red, 3 Digits 
Left,f11 Centered D.P. 

2.79mm(.ir') Red, 4 Digits 
Centered D.P. 

2.79mm(.11") Red, 5 Digits, 
Centered D.P. 

2.79mm (.11") Red, 3 Digits 
Right,111 RHDP _ 

2.79mm (.11") Red, 3 Digits 
Left.Ml RHDP _ 

2.79mm(.l 1") Red, 4 Digit, 
RHDP 

2.79mm(.ir') Red, 5 Digit, 
RHDP 


*;n «9 i/L'ii 2.79mm(.11") Red, 2 Digits 
5082-7432 

cnoo 2.79mm(.ll") Red, 3Digits, 


5082-7404 


5082-7405 


5082-7413 


12 Pin Epoxy, 
7.62mm (.3") DIP 


14 Pin Epoxy, 
7.62mm (.3") DIP 

12 Pin Epoxy, 
7.62mm (.3") DIP 


14 Pin Epoxy, 
7.62mm (.3") DIP 

12 Pin Epoxy, 
7.62mm (.3") DIP 


Small Display Market 

• Portable/Battery 

Power Instruments 

• Portable Calculators 

• Digital Counters 

• Digital Thermometers 

• Digital Micrometers 

• Stopwatches 

• Cameras 

• Copiers 

• Digital Telephone 
Peripherals 

• Data Entry Terminals 

• Taxi Meters 

For further information ask for 
Application Note 937. 
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G000G0000000 i 


5082-7440 


5082-7441 


5082-7449 


5082-7445 


2.67mm(.105" 
Mounted on P. 

2.67mm(.105' 
Mounted on P. 

2.67mm(.105' 
Mounted on P. 

2.67mm(.105' 
Mounted on P. 

2.54mm(.100'' 
Mounted on P. 


) Red, 8 Digits, 
C. Board 

') Red, 8 Digits, 
C. Board 

') Red, 9 Digits, 
C. Board 

') Red, 9 Digits, 
C. Board 

') Red, 12 Digits, 
C. Board 


2.54mm(.100") Red, 12 Digits, 
Mounted on P.C. Board 

2.54mm(.100") Red, 14 Digits, 
Mounted on P.C. Board 


cnQ 0 7 /iyic 2.92mm(.l 15") Red, 16 Digits, 
5082-7446 ^/jg^nted on P.C. Board 

c;nft 9 7 AA 7 2.85mm(.112") Red, 14 Digits, 


50.8mm(2") P.C. Bd., 

17 Term. Edge Con. 

60.3mm(2.375")PC Bd., 
17Term. Edge Con. 

50.8mm(2") PC Bd., 

17 Term. Edge Con. 

60.3mm(2.375")PC Bd., 
17 Term. Edge Con. 

60.3mm(2.375")PC Bd., 
20 Term. Edge Con. 

59.6mm(2.345")PC Bd., 
20 Term. Edge Con. 

60.3mm(2.375") PC Bd., 
22 Term. Edge Con. 

69.85mm(2.750")PC Bd., 
24 Term. Edge Con. 

60.3mm(2.375") PC Bd., 
22 Term. Edge Con. 


GGOOOOOOO 



5082-7265 


5082-7275 


5082-7295 


50.8mm(2") PC Bd., 
15 Term. Edge Con. 


2.59mm(.102") Red, 8Digits, 50.8mm (2") PC Bd., 
Mounted on P.C. Board 17 Term. Edge Con. 

2.59mm(.102") Red, 9 Digits, 

Mounted on P.C. Board. 

4.45mm(.175") Red, 5 Digits, 50.8mm(2") PC Bd., 
Mounted on P.C. Board. 15 Term. Edge Con. 

Centered D.P. 

4.45mm(.175") Red, 5 Digits 
Mounted on P.C. Board. RHDP 

4.45mm(.175") Red, 15 Digits, 91.2mm(3.59") PC Bd., 
Mounted on P.C. Board. 23 Term. Edge Con. 

Centered D.P. 

4.45mm(.175") Red, 15 Digits, 

Mounted on P.C. Board. RHDP 
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Integrated LED Displays 


Description 


5082-7300 


5082-7302 


5082-7304 


5082-7357 


5082-7359 


5082-7358 


7.4mm (.29") 4x7 Single Digit 
Numeric, RHDP, Built-In 
D ecover/D r iver/Me mory 

7.4mm (.29") 4x7 Single Digit 
Numeric, LHDP, Built-In 
Decover/Driver/Memory 

7.4mm (.29") 4x7 Single Digit 
Hexadecimal, Built-In 
Decoder/Driver/Memory _ 

7.4mm (.29") Overrange 
Character Plus/Minus Sign 
7.4mm (.29") 4x7 Single Digit 
Numeric, RHDP, Built-In 
Decoder/Driver/Memory 

7.4mm(.29") 4x7Single Digit 
Numeric, LHDP, Built-In 
Decoder/Driver/Memory _ 

7.4mm (.29") 4x7 Single Digit 
Hexadecimal, Built-In 
Decoder/Driver/Memory 

7.4mm(.29") Overrange 
Character Plus/Minus Sign 


8 Pin Epoxy, 
15.2mm (.6") DIP 


8 Pin Glass Ceramic 
15.2mm (.6") DIP 


Application 


General Purpose Market 

• Test Equipment 

• Business Machines 

• Computer Peripherals 

• Avionics 

For further Information ask 
for Application Note 934 on 
LED Display Installation 
Techniques 


> Medical Equipment 

» Industrial and Process Control 
Equipment 

> Computers 

» Where Ceramic Package IC's 
are required. 


Hermetically Sealed Integrated LED Displays 


Description 


6.8mm (.27") 5x7 Single Digit 
5082-7010 Numeric, LHDP, Built-In 
Decoder/Driver 

cnoo -ini 1 6.8mm (.27") Plus/Minus 


7.4mm (.29") 4x7 Single Digit 
5082-7391 Numeric, RHDP, Built-In 
Decoder/Driver/Memory 

7.4mm(.29") 4x7 Single Digit 
5082-7392 Numeric, LHDP, Built-In 
Decoder/Driver/Memory 

7.4mm(.29") 4x7 Single Digit 
5082-7395 Hexadecimal, Built-In 

Decoder/Driver/Memory 


5082-7393 


7.4mm(.29") Overrange 
Character Plus/Minus Sign 


Alphanumeric LED Displays 



Description 


3.7mm (.15") 5x7 FourChar- 
HDSP-2000 acter Alphanumeric Built-in 
Shift Register, Drivers 


8 Pin Hermetic 
2.54mm (.100") Pin 
Centers 


8 Pin Hermetic 
15.2mm (.6") DIP 
with Gold Plated Leads 


Application 


• Ground, Airborne, 
Shipboard Equipment 
» Fire Control Systems 
» Space Flight Systems 


> Ground, Airborne, 

Shipboard Equipment 
» Fire Control Systems 

> Space Flight Systems 

> Other High Reliability 

Applications 



12 Pin Ceramic 7.62mm 
(.3") DIP. Redglass 
Contrast Filter 


Application 


• Programmable Calculators 

• Computer Terminals 

• Business Machines 

• Medical Instruments 

• Portable, Hand-held or 

mobile data entry, read¬ 
out or communications 

For further information see 
Application Notes 966 and 1001, 
starting on page 368. 


SOLID STATE 
DISPLAYS 





























Alphanumeric LED Displays (Cent.) 


Device 


Description 


Package 


Application 


Page 

No. 




H DSP-2001 


3.7mm (.15") 5x7 Four Char¬ 
acter Alphanumeric Built-In 
Shift Register, Drivers 


12 Pin Ceramic 7.62mm 
(.3") DIP Integral 
Untinted Glass Lens 


• Programmable Calculators 

• Computer Terminals 

• Business Machines 

• Medical Instruments 

• Portable, Hand-held or 
mobile data entry, read¬ 
out or communication 

For further information see 
Application Notes 966 and 
1001, starting on page 368. 
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H DSP-2010 


12 Pin Ceramic 7.62mm 
(.3") DIP Integral 
Red Glass Contrast Filter. 


»Extended temperature 
applications requiring 
high reliability. 

► I/O Terminals 
»Avionics 
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HDSP-2416 


Single-Line 16 Character 
Display Panel Utilizing 
the HDSP-2000 Display 


162.56mm (6.4") L x 
58.42mm (2.3") H x 
7.11mm (.28") D 


H DSP-2424 


Single-Line 24 Character 
Display Panel Utilizing 
the HDSP-2000 Display. 


• Data Entry Terminals 

• Instrumentation 

• Electronic Typewriters 

For further information S£ 
Application Note 1001 
beginning on page 398. 


H DSP-2432 


Single-Line 32 Character 
Display Panel Utilizing 
the HDSP-2000 Display 


H DSP-2440 


Single-Line 40 Character 
Display Panel Utilizing 
the HDSP-2000 Display 


177.80mm (7.0") Lx 
58.42mm (2.3") H x 
7.11mm (.28") D 




H DSP-2470 


HDSP-2000 Display Inter¬ 
face Incorporating a 64 
Character ASCII Decoder 


171.22mm (6.74") Lx 
58.42mm (2.3") H x 
16.51mm (.65") D 


H DSP-2471 


HDSP-2000 Display Inter¬ 
face Incorporating a 128 
Character ASCII Decoder 


H DSP-2472 


H DSP-2000 Display Inter¬ 
face without ASCII De¬ 
coder. Instead, a 24 Pin 
Socket is Provided to 
Accept a Custom 128 
Character Set from a 
User Programmed IK x 
8PROM 
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POOCCCOJ 


t 


H DSP-6300 


3.56mm (.14") Eighteen 
Segment Eight Character 
Alphanumeric 


26 Pin 15.2mm 
(.6") DIP 


• Computer Peripherals and 
Terminals 

• Computer Base Emergency 
Mobile Units 

• Automotive Instrument 
Panels 

• DeskTop Calculators 

• Hand-held Instruments 

For further information ask for 
Application Note 931. 
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H DSP-6504 


3.8mm (.15") Sixteen 
Segment Four Character 
Alphanumeric 


22 Pin 15.2mm 
(.6") DIP 
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H DSP-6508 


3.8mm (.15") Sixteen 
Segment Eight Character 
Alphanumeric 


26 Pin 15.2mm 
(.6") DIP 
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Alphanumeric LED Displays (Cent.) 


Device 



Description 

Package 

Application 

Page 

No. 

H DSP-8716 

Single-line 16 Character 
Alphanumeric Display 

System Utilizing the 

HDSP-6508 Display 

167.64mm (6.6") L 

X 58.42mm (2.3")H 

X 33mm (1.3")D 

• Data Entry Terminals 

• Instrumentation 

• Electronic Typewriters 

288 

HDSP-8724 

Single-line 24 Character 
Alphanumeric Display 

System Utilizing the 

HDSP-6508 Display 




H DSP-8732 

Single-line 32 Character 
Alphanumeric Display 

System Utilizing the 

HDSP-6508 Display 

218.44mm (8.6")L 

X 58.42mm (2.3")H 

X 33mm (1.3")D 



H DSP-8740 

Single-line 4D Character 
Alphanumeric Display 

System Utilizing the 
HDSP-6508 Display 

269.24mm (10.6") L 

X 58.42mm (2.3") H 

X 33mm (1.3")D 



5082-7100 

7.4mm (.29”) 5x7 Three 

Digit Alphanumeric 

22 Pin Hermetic 

15.2mm (.6") DIP 

General Purpose Market 
• Business Machines 

300 

5082-7101 

7.4mm (.29") 5x7 Four 

Digit Alphanumeric 

28 Pin Hermetic 

15.2mm (.6") DIP 

• Calculators 

• Solid State CRT 

• High Reliability Applications 

For further information ask for 
Application Note 931 on 
Alphanumeric Displays. 


5082-7102 

7.4mm (.29") 5x7 Five 

Digit Alphanumeric 

36 Pin Hermetic 

15.2mm (.6") DIP 




rTirwinnnnnjinnr^ 



179 











HEWLETT 

PACKARD 


3 WCH SEVEN SEGMENT DISPLAYS 

HIGH EFFCIENCY RED • 5082-7610 SERIES 
Sil®'^:rYELlJ^ ;-5082-76Z0 SERIES^ 

GREEN • 5082-7630 SERIES 


TECHNICAL DATA MARCH 1980 


Features 

• COMPACT SIZE 

• CHOICE OF 3 BRIGHT COLORS 

High Efficiency Red 

Yellow 

Green 

• LOW CURRENT OPERATION 

As Low as 3mA per Segment 
Designed for Multiplex Operation 

• EXCELLENT CHARACTER APPEARANCE 

Evenly Lighted Segments 
Wide Viewing Angle 
Body Color Improves “Off” Segment 
Contrast 

• EASY MOUNTING ON PC BOARD OR 
SOCKETS 

Industry Standard 7.62mm (.3 in.) DIP 
Leads on 2.54mm (.1 in.) Centers 

• CATEGORIZED FOR LUMINOUS 
INTENSITY; YELLOW AND GREEN 
CATEGORIZED FOR COLOR 

Use of Like Categories Yields a 
Uniform Display 

• IC COMPATIBLE 

• MECHANICALLY RUGGED 


Devices 


Part No. 5082- 

Color 

Deecrlptton 

Package 

Drawing 

-7610 

High Efficiency Red 

Comfcon Anode Left Hand Decimal 

A 

-7611 

High Efficiency Hed 

Common Anode Right Hand Decimal 

B' 

-7613 

High Efficiency Red 

Common Cathode Right Hand Decimal 

0 

-7616 

High Efficiency Red 

Universal Overflow t1 Right Hand Decimal 

• 0 v'..; 

-7620 

/ :Yeilow '''/ - 

Common Acode Left Hand Decimal 

^ A':- ^ y 

-7621/ 

10^3^0 r;-'''-/''I' /;C';; 

Common Anode Right Hand Oecimai 


-7623 


Common Cathode Right Hand Decimal 

' c „;:y' 

-7626 

/ YelloW;:; 

Universal Overflow ±1 Right Hand Oecimai 

0 

■^7630v' 

';Green-..y-;: 

Common Anode Left Hand Oecimal 

' A 

-7631' ./• 

.^Gfee^T’^ "cy^y: 

Commoh AnOde Right Hand Oecimai 

' B 

-7m 

Green v'; 

Common Cathode Right Hand Decimal 

, C'''-/'' 

-7636 

: .Green -:' 

/Universal Overflow t1 Right Harid Decimal 

' 


NOTE: universal pinout brings the anode and cathode of each segment’s LED out to separate pins. See internal diagram D. 



Description 

The 5082-7610, -7620, and -7630 series are 7.62mm (.3 in.) High 
Efficiency Red, Yellow, and Green seven segment displays. 
These displays are designed for use in instruments, point of sale 
terminals, clocks, and appliances. 

The -7610, and -7620 series devices utilize high efficiency LED 
chips which are made from GaAsP on a transparent GaP 
substrate. 

The -7630 series devices utilize chips made from GaP on a 
transparent GaP substrate. 
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Package Dimensions 


L.H.D.P. 414^^ 
Note 7^ 



7 62 19.05 ±0.25 

(.300) (.750 ±.010) 





LUMINOUS 

INTENSITY 

CATEGORY 



19.05 ± 0.25 
(.750 ± .010) 


, 2.54 (.100) 

L-J- , 


LUMINOUS 

INTENSITY 

CATEGORY, 


19.05 ± 0.25 
(.750 ± .010) 




1. Dimensions in millimeters and (inches). 

2. All untoleranced dimensions are 
for reference only 

3. Redundant anodes. 


Internal Circuit Diagram 




Absolute Maximum Ratings 


4. Unused dp position. 

5. See Internal Circuit Diagram. 

6. Redundant cathode. 

7. See part number table for L.H.D.P. and R.H.D.P. designation. 




Average Power Dissipation Per Segment or D.P.' ' (Ta= 50°C). 81 mW 

Operating Temperature Range .. -40® C to +85®C 

Storage Temperature Range .. -40® C to+85® C 

Peak Forward Current Per Segment or D.P.*^* (Ta= 50®C). 60mA 

Average Forward Current Per Segment or D.P.'^’^’ (Ta = 50®C). 20mA 

Reverse Voltage Per Segment or D.P. . .6.0V 

Lead Soldering Temperature . . 260® C for 3 Sec 

[1.59mm (1/16 inch) below seating plane] 


Notes: 1. See power derating curve 
(Fig. 2). 2. Derate DC current from 
50®C at 0.4mA/®C per segment. 
3. See Fig. 1 to establish pulsed 
operating conditions. 4. Clean only in 
water, isopropanol, ethanol. Freon 
TF or TE (or equivalent) and Gene- 
solv DI-15 or DE-15 (or equivalent). 
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SOLID STATE 
DISPLAYS 













Electrical/Optical Characteristics at Ta=25°C 


HIGH EFFICIENCY RED 5082-7610A7611/-7613A7616 


Farameter 


Symbol 


Luminous Intensity/Segment 

(Digit Average) 

Iv 

Peak Wavelength 

, Xpeak 

Dominant Wavelength 

Xd 


Forward Voltage/Segment or D.R 


Reverse Current/Segmeot or D.P, 

Response Time^^- __ 

Temperature Coefficient of Vf/Segment or DP. 
Thermal Resistance LED Junctlon-to^Pin 


Teat Cofidltloa 


5mA DC. 


20mA D.C, 


60mA Pk: 1 of 6 
Duty Factor 


Ip = 5mA 
Ip = 20mA 
Ip g 60mA 


tr, tt 

AVp/^C 

R^j^pin 



YELLOW 5082-7620A7621A7623A7626 
[ Parameter ^ 


Luminous Intensity/Segment 
(Digit Average) 

Peak Wavelength 


Dominant Wavelength 


.Forward Voltage/Segment or D.P. 


Reverse Current/Segment or D.P. _ 

Response Time __ 

Temperature Coefficient of Vp/Segment or D.P 


Thermal Resistance LED Junction-to-Pin 


GREEN 5082-7630A7631A7633A7636 


Parameter 


Luminous Intensity/Segment f-^'^L 
(Digit Average) ^ 


Peak Wavelength 


Dominant Wavelength 


Forward Voltage/Segment or D.P. 


Reverse Current/Segrhent or D.P. 

Response Time <») ,- __ 

Temperature Coefficient of Vp/Segment or D.P. 


Thermal Resistance LED Junctlon-to~Pin 


Symbol 


Test Condition 

5mA D.C. 
20mA D.C. 



R^j~pin 


nm. 


nmj 



ni^ 











^^c/w/ 

'('Sefc;' 


NOTES: 5. The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the package. 

6. The dominant wavelength, Ad, is derived from the C.I.E. Chromaticity Diagram and is that single wavelength which defines the color of the device. 

7. The 5082-7620/-7630 series yellow/green displays are categorized as to dominant wavelength with the category designated by a number 
adjacent to the intensity category letter. 

8. Time for a 10% — 90% change of light intensity for step change in current. 
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If - FORWARD CURRENT - mA 5* «DC - MAXIMUM AVERAGE CURRENT - mA 



OPERATION IN 
THIS REGION 
REQUIRES 
TEMPERATURE 
DERATING OF 


tp - PULSE DURATION - mSEC 


Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration 



r 

V 

mm 



1 . 

\ 

mm 


%A mXm$kmkm 

mwm 


■ t ’ 1 1 1 , 

“ ^^’C/W/SEGMENT 
“RircWsEGMENT- 

Pii 

Bwin 

— 


:.j..50«2-7$20 SERIES ^ 

6082-7630 SERIES ^ 1 


15082-7610 SERIES J 


0 10 20 30 40 50 60 70 80 90 100 

T^ - AMBIENT TEMPERATURE - °C 

ure 2. Maximum Allowable DC Current and DC 
Power Dissipation per Segment as a Func¬ 
tion of Ambient Temperature. 


4oL-L| 



2.0 3.0 

Vf - FORWARD VOLTAGE - V 


Figure 4. Forward Current vs. Forward Voltage Characteristic. 


0 5 10 15 20 25 30 35 40 45 50 55 60 65 

'peak - peak segment current - mA 

Figure 3. Relative Luminous Efficiency (Luminous 
Intensity per Unit Current) vs. Peak Seg¬ 
ment Current. 



Ip - SEGMENT DC CURRENT - mA 

Figure 5. Relative Luminous Intensity vs. DC Forward Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 
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SOLID STATE 
DISPLAYS 
















ELECTRICAL 


The 5082-7600 series of display products are arrays of 
eight light emitting diodes which are optically magnified 
to form seven individual segments plus a decimal point. 

The diodes in these displays utilize a Gallium Arsenide 
Phosphide junction on a Gallium Phosphide substrate to 
produce high efficiency red and yellow emission spectra 
and a Gallium Phosphide junction for the green. 

These display devices are designed for strobed operation. 
The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Vf values for the purpose of driver circuit design and 


maximum power dissipation may be calculated using the 
following Vp models. 

Vf = 1.75V 4- Ipeak (380) 

For IpEAK > 20mA 

Vf = 1.60V + Idc (450) 

For 5mA < Idc < 20mA 

All of the colored display products should be used in 
conjunction with contrast enhancing filters. Some 
suggested contrast filters: for red displays, Panelgraphic 
Scarlet Red 65 or Homalite 1670; for yellow displays, 
Panelgraphic Yellow 27 or Homalite (100-1720,100-1726); 
for green, Panelgraphic Green 48 or Homalite (100-1440, 
100-1425). Another excellent contrast enhancement 
material for all colors is the 3M light control film. 
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mCKARD 



TECHNICAL DATA MARCH 1980 


Features 

• LARGE DIGIT 

Viewing up to 6 meters (19.7 feet) 

• CHOICE OF 3 BRIGHT COLORS 

High Efficiency Red 

Yellow 

Green 

• LOW CURRENT OPERATION 

As Low as 3mA per Segment 
Designed for Multiplex Operation 

• EXCELLENT CHARACTER APPEARANCE 

Evenly Lighted Segments 
Wide Viewing Angie 
Body Coior Improves “Off” Segment 
Contrast 

• EASY MOUNTING ON PC BOARD OR 
SOCKETS 

Industry Standard 7.62mm (.3”) DIP 
Leads on 2.54mm (.1”) Centers 

• CATEGORIZED FOR LUMINOUS 
INTENSITY; YELLOW AND GREEN 
CATEGORIZED FOR COLOR 

Use of Like Categories Yieids a 
Uniform Dispiay 

• 1C COMPATIBLE 

• MECHANICALLY RUGGED 


Devices 


iNirtNo.5082- 

Color 


Pael^e Dnmrlng 

>7650 

High Efficiency Red 

'Common-' v»j 


-7651 

High Efficiency Red 


::0:B ';'r .'v 

-7653 

High Efficiency Red 

Common:^(ii1ftodir|^^ i;. 


-7656 

High Efficiency Red 

umversal Ovetfiow 

0 

-7660 

Yellow 

;,/-Commori,Anode . ■ 

■ A ■ ' 

-7681 

Yellow 

Comon Anode' 

B 

^7663 

Yellow 

Cbmmbh Cethod^1^gf€'Haridl3iol^^ 

' c - ' ' 

-7666 

Yellow 

./.Universe! Overilow'it1^fii|^ 

0 

-WO 

';,Green ’ ' , 

.’.Commdh/Ahode 


-7671 

Green 

Common 7/V - v' 


-7673 

<3reen 

Common Catho 


' C ''r' ' 

-7676 

Green 

Universal Ovei^ 




Note: Universal pinout brings the anode and cathode of each segment’s LED out to separate pins, see internal'diagram D. 



Description 

The 5082-7650, -7660, and -7670 series are large 10.92mm (.43 
in.) Red, Yellow, and Green seven segment displays. These 
displays are designed for use in instruments, point of sale 
terminals, clocks, and appliances. 

The -7650 and -7660 series devices utilize high efficiency LED 
chips which are made from GaAsP on a transparent GaP 
substrate. 

The -7670 series devices utilize chips made from. GaP on a 
transparent GaP substrate. 
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Package Dimensions 





A B,C D 

FRONT VIEW 


L 12.70 (.500) 

r max. ^ 


t 

6.35 (.250) 



END VIEW 


LUMINOUS 



SIDE VIEW 

NOTES: 

1. Dimensions in millimeters and (inches). 

2. All untoleranced dimensions are for 
reference only. 

3. Redundant anodes. 

4. Unused dp position. 

5. See Internal Circuit Diagram. 

6. Redundant cathode. 



FUNCTION 1 


A 

B 

C 

D 

FIN 

-76B0/-7880/ 

-7B51/-766t/ 

-7«S3/-76e3/ 

-7658/7666/ 


-7870 

-7871 

•7673 

-7678 

1 

CATHOpE* 

CATHODE-a 

ANODE-a 

CATHOOE-d 

2 

CATHOOE'f 

OATHOOE-f 

ANODE-f 

ANODE-d 

3 

ANODEf3l 

ANODEtN 

CATHODE (6) 

NO PIN 

4 

NO FIN 

NO PIN 

NO FIN , 

CATHODE-c 

S 

NO PIN 

NO PIN 

NO PIN 

CATHODE-a 

e 

CATHODEdp 

NOCONN.»t 

NOCQNN.16) 

ANODE# 

7 

CATHODE-e 

CATHODE-a 

ANODE-a 

ANOOE-o 

8 

CATHOOE«d 

CATHOOE-d 

ANODE-d 

ANOOE-dp 

d 

noconnjn 

CATHODE-dp 

ANODE-dp 

CATHODE-dp 

to 

CATHOOEhc 

CATHODE-c 

ANODEc 

CATHOOE-b 

11 

CATHODE^ 

CATHODE-g 

ANOOEg 

CATHOOE-a 

12 

NO FIN 

NO FIN 

NO PIN 

NO PIN 

13 

CATHODEtJ 1 

CATHODEb ! 

ANODE-b 

ANODE-a 

t4 

ANODEWl i 

ANODEt3l 

CATHODE 

ANODE-b 


Internal Circuit Diagram 



A 


B 


C 


D 


Absolute Maximum Ratings 


Average Power Dissipation Per Segment or D.P.^^' (Ta)= 60°C) . 81 mW 

Operating Temperature Range . . . -40® C to +85® C 

Storage Temperature Range . . -40® C to +85® C 

Peak Forward Current Per Segment or D.P^^> (Ta= 50®C).. 60mA 

DC Forward Current Per Segment or D.P. ^^’2) (Ta= 50®C) .20mA 

Reverse Voltage Per Segment or D.P. . ..6.0V 

Lead Soldering Temperature . ... 260® C for 3 Sec 


[1.59mm (1/16 inch) below seating plane^"^^] 


Notes: 1. See power derating 
curve (Fig.2). 2. Derate average 
current from 50® C at 0.4mA/® C per 
segment. 3. See Maximum Toler¬ 
able Segment Peak Current vs. 
Pulse Duration curve, (Fig. 1). 4. 
Clean only in water, isopropanol, 
ethanol. Freon TF or TE (or 
equivalent) and GenesolvDI-15or 
DE-15 (or equivalent). 
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Electrical/Optical Characteristics at \=25°C 

HIGH EFFICIENCY RED 5082-7650/-7651/-7653/-7656 




Tsst CdiKlItlQfi 

Min. 


' 7136:, 



Thermal IMftanc# - - < 


YELLOW 5082-7660/-7661/-7663/-7666 


Syffthol 



Forward Vdlta^e/SegfieM 


Reversf Ourr^t/Segrri^t 




Thermal Reelatance LID dencfl0n4o7Flr» 


Teat OamUlleh 


5mA D.C/ 


20mA O.O^KK 


If = 5mA 


If ” 20mA 


If 60mA 


Vr = 6V 



GREEN 5082-7670/-7671/-7673/-7676 




Lamihoua IMeriaity/Segmehr? ^ o » 
(Digit Average) \ ., ^ . 


peak Wavelength . \ 


Dornlnam WaVelengtM®'^^ 


Forward Voltage/Segment or D,F. f ^ 


Reverse Currertt/Segment or D*R.. .. 


■; Response, 


•- '.TernPeralMfe 'tQa0ffidlint-6f-;#F/6^mefit br DP/-, 


Tbermei Reslstanoe LED 4unotioft“to-Pin 


Symbol 



Test Oohdittoh 


10mA DC. 


20mAD.C. 


60mA Rk: 1 of 6 
Duty!Factor 


R6jj-HN 




m 


my/^C 


«G/W/ 

Seg 


:ft!^:; 

Typ. 

Max* 1 

Units 

100 

250 





NOTES: 

5. The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the package. 

6. The dominant wavelength, Xd, is derived from the C.I.E. Chromaticity Diagram and is the single wavelength which defines the color of the device. 

7. The 5082-7660/-7670 series yeltow/green displays are categorized as to dominant wavelength with the category designated by a number adjacent to the intensity category letter. 

8. Time for a 10%-90% change of light intensity for step change in current. 
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If - FORWARD CURRENT - mA 



OPERATION IN 
THIS REGION 
REQUIRES 
TEMPERATURE 
DERATING OF 
be MAX 


tp - PULSE DURATION - mSEC 


Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration. 


Wc/W^GMENT 

14 

12 . ^ 


0 10 20 30 40 50 


- AMBIENT TEMPERATURE - “C 



IKBBBBBBBBBiBl 



0 5 10 15 20 25 30 35 40 45 50 55 60 65 

I peak - peak SEGMENT CURRENT - mA 


Figure 2. Maximum Aiiowable DC Current per 
Segment vs. Ambient Temperature. 
Deratings Based on Maximum Allowed 
Thermal Resistance Values, LED 
Junction-to-Ambient on a par Segment 
Basis. Tj MAX=100‘’C 


Figure 3. Relative Luminous Efficiency (Luminous 

Intensity per Unit Current) vs. Peak Segment 
CurrenL 




Vf - FORWARD VOLTAGE - V 


If - SEGMENT DC CURRENT - mA 


Figure 4. Forward Current vs. Forward Voltage 
Characteristic. 


Figure 5. Relative Luminous Intensity vs. 
DC Forward Current 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 
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ELECTRICAL 


The 5082-7600 series of display products are arrays of 
eight light emitting diodes which are optically magnified 
to form seven individual segments plus a decimal point. 

The diodes in these displays utilize a Gallium Arsenide 
Phosphide junction on a Gallium Phosphide substrate to 
produce high efficiency red and yellow emission spectra 
and a Gallium Phosphide junction for the green. 

These display devices are designed for strobed operation. 
The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Vf values for the purpose of driver circuit design and 
maximum power dissipation may be calculated using the 


following Vf models: 

Vf = 1.75V + IPEAK (38n) 

For IpEAK ^ 20mA 

Vf = 1.60V + Idc (450) 

For 5mA < Idc ^ 20mA 

All of the colored display products should be used in 
conjunction with contrast enhancing filters. Some 
suggested contrast filters: for red displays, Panelgraphic 
Scarlet Red 65 or Homalite 1670; for yellow displays, 
Panelgraphic Amber 23 or Homalite (100-1720,100-1726); 
for green, Panelgraphic Green 48 or Homalite (100-1440, 
100-1425). Another excellent contrast enhancement 
material for all colors is the 3M light control film. 






76/10.9 mm (0.3/0.43 INCH) 

SEVEN SEGMENT DISPLAYS FOR 
HIGH LIGHT AMBIENT CONDITIONS 
HIGH EFFICIENCY RED .HDSP-3530/3730 SERIES 
YELLOW •HDSP-4030/413fl SERIES 


TECHNICAL DATA MARCH 1980 


Features 

• HIGH LIGHT OUTPUT 

Typically 2300 ^cd/Segment at 100mA Peak, 
20mA Average 

Designed for Multiplex Operation 

• CHOICE OF TWO COLORS 
High Efficiency Red 
Yellow 

• EXCELLENT CHARACTER APPEARANCE 
Evenly Lighted Segments 

Wide Viewing Angie 

Gray Body Color for Optimum Contrast 

• EASY MOUNTING ON PC BOARD OR SOCKETS 
Industry Standard 7.62mm (0.3 in.) DIP Leads 

on 2.54mm (0.1 in.) Centers 

• CATEGORIZED FOR LUMINOUS INTENSITY; 
YELLOW CATEGORIZED FOR COLOR 

Use of Like Categories Yields a Uniform Display 

• 1C COMPATIBLE 

• MECHANICALLY RUGGED 


Devices 



Description 

The HDSP-3530/4030 and -3730/4130 series are 7.62/ 
10.92mm (0.3/0.43 in.) high efficiency red and yellow 
displays designed for use in high light ambient conditions. 
These displays are designed for use in instruments, 
airplane cockpits, weighing scales, and point of sale 
terminals. 

The FHDSP-3530/4030 and -3730/4130 series devices 
utilize high efficiency LED chips, which are made from 
GaAsP on a transparent GaP substrate. The active 
junction area is larger than that used in the 5082- 
7610/7620/7650/7660 series to permit higher peak 
currents. 


Part No. HDSP* 

Color 

Description 

Package 

Drawing 

3630 

High Efficiency Red 

7.6mm Common Anode Left Hand Decimal 

A 

3631 

High Efficiency Red 

7.6mm Common Anode Right Hand Decimal 

B 

3533 

High Efficiency Red 

7.6mm Common Cathode Right Hand Decimal 

C 

3536 

High Efficiency Red 

7.6mm Universal Overflow ±1 Right Hand Decimal 

D 

4030 

Yellow 

7.6mm Common Anode Left Hand Decimal 

A 

4031 

Yellow 

7.6mm Common Anode Right Hand Decimal 

8 

4033 

Yellow 

7.6mm Common Cathode Right Hand Decimal 

C 

4036 

Yellow 

7.6mm Universal Overflow ±1 Right Hand Decimal 

0 

3730 ! 

High Efficiency Red 

10.9mm Common Anode Left Hand Decimal 

' , E ' , ^ 

3731 ! 

High Efficiency Red 

10.9mm Common Anode Right Hand Decimal 

F 

3733 

High Efficiency Red 

10.9mm Common Cathode Right Hand Decimal 

G 

3736 

High Efficiency Red I 

10.9mm Universal Overflow ±1 Right Hand Decimal 

H 

4130 

Yellow 

10.9mm Common Anode Left Hand Decimal 

E 

4131 

Yellow j 

10.9mm Common Anode Right Hand Decimal 

P 

4133 

Yellow 

10.9mm Common Cathode Right Hand Decimal 

G 

4136 

Yellow 1 

10.9mm Universal Overflow ±1 Right Hand Decimal i 

H 


Note; Universal pinout brings the anode and cathode of each segment’s LED out to separate pins. See internal diagrams D and H. 


190 








Absolute Maximum Ratings (All Pro(Jucts) 

Average Power Dissipation Per Segment or DP (Ta= 50°C) . 85mW Notes; 1. Derate maximum DC 

Operating Temperature Range . -40° C to+85° C current above Ta= 50®C at 0.61 

Storage Temperature Range . -40° C to+85° C mA/®C per segment, see Figure 2. 

Peak Forward Current Per Segment or DP(Ta = 50 ° 0 ^ 2 ). 120mA 2. See Figure 1 to establish pulsed 

(Pulse Width = 1.25ms) operating conditions, 

DC Forward Current Per Segment or DP (Ta= 50°C)<‘|> . 30mA 

Reverse Voltage Per Segment or DP . 6.0V 

Lead Soldering Temperature (1.6mm [1/16 inch] 
below seating plane) . 260° C for 3 Seconds 

Package Dimensions (HDSP-3530/4030 Series) 


L.H.D.P. 41 
Note 7 cl 


&:;; 


19.05 t 0.25 
(.750 t .010) 




4.19 (.165)-+^ 
5.08 , 

(.200) I 


LUMINOUS COLOR , 
INTENSITY BIN 

CATEGORY. \ 


19.05 ± 0.25 
(.750 ± .010) 



FUNCTION 


PIN 

A 

^3630/4030 

8 

•3S31A4031 

C 

•3S33A4033 

D 

-3536/-4036 

1 

CATHODE^ 

CATHODE-a 

CATHODE161 

ANOOE-d 

2 

CATHOOET 

CATHODEf 

ANODEf 

NO PIN 

3 

ANODEI33 

ANODEt33 

ANODE-g 

CATHODES 

4 

NO PIN 

NO PIN 

ANODE-e 

CATHODE-c 

5 

NO PIN 

NO PIN 

ANODE-d 

CATHODEe 

6 

CATHODE<lp 

NO CONN.iSi 

CATHOOElSl 

ANOOE-e 

7 

CATHODE-e 

CATHODE-e 

ANODE-dp 

ANODE-c 

8 

CATHOOE'd 

CATHOOE-d 1 

ANOOE-c 

ANOOE-dp 

9 

NO CONN.I5) 

CATHODE-dp i 

ANODE-b 

NO PIN 

10 

CATHOOEc 

CATHODE-c 

ANODE-a 

CATHOUE-dp 

11 

CATHODE-g 

CATHODE-g : 


CATHOD€4» 

12 

NO PIN 

NO PIN 


CATHODE a 

13 

CATHODEtr 

CATHODE-b ! 


ANOOE-a 

14 

ANODCtal ! 

ANODEI31 


ANODE-b 


► 1-^ .254 (.010) 

I 1.52 
(.060) 1 


LUMINOUS 

INTENSITY 

CATEGORY^ 


Note 8 

-Hh—-254 (.010) 


19.05 ±0.25 |>C>I 
(.750 ±.010) |^>l 



10.16 

(.400) 

MAX. 


1 

4.57 


1 _ 

_ 1 (.180) 


2.54 "-0.51 

(. 100 ) (. 020 ) 


NOTES: 

1. Dimensions in millimeters and (inches). 

2. All untoleranced dimensions are 
for reference only. 

3. Redundant anodes. 

4. Unused dp position. 


5. See Internal Circuit Diagram. 

6. Redundant cathode. 

7. See part number table for L.H.D.P. 
and R.H.D.P. designation. 

8. For HDSP-4030 series product only. 


internal Circuit Diagram (HDSP-3530/4030 Series) 
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SOLID STATE 
DISPLAYS 



















Package Dimensions (HDSP-3730/4130 Series) 







E, F,G, H 
END VIEW 


E, F,G, H 
SIDE VIEW 

NOTES: 

1. Dimensions in millimeters and (inches). 

2. All untoleranced dimensions are for 
reference only. 

3. Redundant anodes. 

4. Unused dp position. 

5. See Internal Circuit Diagram 

6. Redundant cathode. 

7. For HDSP-4130 series product only. 


HN 

FUNCTION 1 

; E 

♦3730Mm 

F 

•3731/4131 

G 

-3733/4133, 

H 

' -373a/4im' 

r ' 

CATHODE-a 

CATHOOE-a 

ANODE-a 

CATHOOEd 

2 

CATHODE-f 

CATHODEf 

AN0DE4 

ANODE4 

3 

ANODE13I 

AN0DEI3I 

CATHODEfel 

NO PIN 

4 

NO FIN 

NO PIN 

NO PIN 

CATHODEc 

S 

NO FIN 

NO PIN 

NO PIN 

CATHODE^ 

e 

CAtNODEdp 

NO CONN. {5J 

NO CONN J5t 

ANODE^e 

7 

CAtHOOE-e 

CATHODEHt 

ANOOE-e 

ANODEc 

a 

CATHODE-d 

CATH0DE4 

AN0DE4 

ANODEdp 

a ; 

NOCONN.t5j 

CATHODE-dp 

ANODE<lp 

GATHODEdp 

to 

CATHODE-c 

CAtHOOE-c 

ANOOE-c 

CATHODEb 

ti J 

CATHODE-a 

CATHODES 

ANODE-s 

CATHOOE-a 

%2 

NO FIN 

NO PIN 

NO PIN 

NO PIN 

%Z 

CATHODE-b 

CATHODEfa 

ANODE-b 

ANODE-a 

14 i 

ANODEC3I 

ANODE 131 

CATHODE I6f 

ANODE-b 
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Electrical/Optical Characteristics at Ta=25°C 


HIGH EFFICIENCY RED HDSP-3530/-3531/-3533/-3536/-3730/-3731/-3733/-3736 


Farameter 

SyiiiFoi 

teal Oofidittofi 




Unlit 

Luminous lntenstty/Segmentt3T ; 

Iv 

ka of'S; 

.1000 




'(DigitAverage) ^ 

^mADC V: 





:','Peak Vyavelength • ' ViV/f 

IflQSl 




mm 

nm,'-'-' 

Dominant Wavelength^^^ 

■hhbhb 

hmSh 



m^i 

mm 

nm 

Forward Voitage/Segment or D.P. 


- If * 100mA 



3.3 

V 

Reverse Current/Segment dr D.P. 

.In 


moMm 

hSs 



'■/fA, 

Resporjse TIrne, Rise an<J Fal|^^^ 

■ { 


WM 


Wi 

ns..;,,' 

Temperature Coefficient of Vp/Segment or D.P. 

AVp/'C 

Ip “loom A 




mV/^C 

Thermal. Resistance LED Junction-to-PIn 






"C/W/ 

Seg 


YELLOW HDSP-4030/-4031/-4033/-4036/-4130/-4131 /-4133/-4136 


Faraifieter 


Teat ConcHtlon 

Mfn, 

PHI 


B&i9 

Luminous Intensity/Segment 

■ 

lOQmA Pk: 1 of 5 
Duty Factor 

loob 

■MMI 

■ 

llllll^ 

(Digit Average) 

20mA DC 


2100 


iucd 

Peak Wavelength 

kptm 



583 


nm 

Dominant Wavelength 




585 


nm 

Forward Voltage/Segment or D.P. 

'-.Vf, 

If = 100mA 


2.6 

3.3 

V : 

Reverse Current/Segment or D.P. 


Vr==6V 


10 


-'mA'.: 

Resporise Time, Rise and FalH®^ 




200 


ns 

Temperature Coefficient of Vf/Segment or D.P. 


Jf * 100mA 


-11 


mV/°C 

Thermal Resistance LED Junction^to-PIn 

R#i^PIN 
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___J 

' ' s 

i 

°C/W/ 

Seg 


NOTES: 

3. The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the 
package. 

4. The dominant wavelength, \d, is derived from the CIE chromaticity diagram and is that single wavelength which defines the color of the 
device. 

5. The HDSP-4030/-4130 series yellow displays are categorized as to dominant wavelength with the category designated by a number adjacent 
to the intensity category letter. 

6. The rise and fall times are for a 10%-90% change of light intensity to a step change in current. 


ELECTRICAL 

The HDSP-3530/3730/4030/4130 series of display devices 
are composed of eight light emitting diodes, with the light 
from each LED optically stretched to form individual 
segments and a decimal point. The LEDs have a large area 
P-N junction diffused into a GaAsP epitaxial layer on a 
GaP transparent substrate. 

These display devices are designed for strobed operation 
at high peak currents. The typical forward voltage values, 
scaled from Figure 4, should be used for calculating the 


current limiting resistor values and typical power 
dissipation. Expected maximum Vf values for the purpose 
of driver circuit design and maximum power dissipation 
may be calculated using the following Vf models: 

Vf = 2.15V + IPEAK (11.50) 

For IpEAK ^ 30mA 
Vf = 1.9V + Idc (19.80) 

For 10mA < Idc ^ 30mA 
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SOLID STATE 
DISPLAYS 



























































Temperature derated strobed operating conditions are 
obtained from Figures 1 and 2. Figure 1 relates pulse 
duration (tp), refresh rate (f), and the ratio of maximum 
peak current to maximum dc current (Ipeak MAX/Idc 
MAX). Figure 2 presents the maximum allowed dc current 
vs. ambient temperature. To most effectively use Figures 1 
and 2, perform the following steps: 

1. Determine desired duty factor, DF. 

Example: Five digits, DF = 1/5 

2. Determine desired refresh rate, f. Use duty factor to 
calculate pulse duration, tp. Note: DF = f tp. 

Example: f = 1 kHz, tp = 200 ^is 

3. Enter Figure 1 at the calculated tp. Move vertically to the 
refresh rate line and record the corresponding value of 
Ipeak MAX/Idc MAX. 

Example: At tp = 200/zs and f = 1 kHz, Ipeak MAX/Idc 
MAX = 4.0 

4. From Figure 2, determine Idc MAX. Note: Idc MAX is 
derated above Ta = 50® C. 

Example: At Ta = 60® C, Idc MAX = 25mA 

5. Calculate Ipeak MAX from Ipeak MAX/Idc MAX ratio 
and calculate Iavg from Ipeak MAX and DF. 

Example: Ipeak MAX = (4.0) (25mA) = 100mA peak. Iavg 

= (1/5) (100mA) = 20mA average. 

The above calculations determine the maximum allowed 
strobing conditions. Operation at a reduced peak current 
and/or pulse width may be desirable to adjust display light 
output to match ambient light level or to reduce power 
dissipation to insure even more reliable operation. 

Refresh rates of 1 kHz or faster provide the most efficient 
operation resulting In the maximum possible time average 
luminous intensity. 

The time average luminous intensity may be calculated 
using the relative efficiency characteristic of Figure 3, 
^IPEAK* adjusted for operating ambient temperature. 
The time average luminous intensity at Ta= 25®C is 
calculated as follows: 

, r Iavg 1 f »7,pfak1 T 'v data sheet"] 

Iv TIME AVG = 20mA ^ j I- j 

Example: For HDSP-4030 series 
’^iPEAK = 1.00 at Ipeak = 100mA 

. 20mA fl.OO 1 r 2.7mcd ~1 = 2.7mcd/ 

Iv TIME AVG = L j L J segment 

The time average luminous intensity may be adjusted for 
operating ambient temperature by the following exponen¬ 
tial equation: 

Iv (Ta) = Iv (25°C) eD< 


Device 

K 

”3530/3730 Series 
-4030/4130 Series 

-0.0131/®C 
-0.0112/® C 


Example: Iv (70°C) = (2.7mcd) (70-250= i.63mcd/ 

segment 


MECHANICAL 

These devices are constructed utilizing a lead frame in a 
standard DIP package. The LED dice are attached directly 
to the lead frame. Therefore, the cathode leads are the 
direct thermal and mechanical stress paths to the LED 
dice. The absolute maximum allowed junction tempera¬ 
ture, Tj MAX, is 100®C. The maximum power ratings have 
been established so that the worst case Vf device does not 
exceed this limit. For most reliable operation, it is 
recommended that the device pin-to-ambient thermal 
resistance through the PC board be less than 320° C/W per 
segment. This will then establish a maximum thermal 
resistance LED junction-to-ambient of 602° C/W per 
segment. 

These display devices may be operated in ambient 
temperatures above +50°C without derating when 
installed in a PC board configuration that provides a 
thermal resistance to ambient value less than 602°C/W/ 
Segment. See Figure 6 to determine the maximum allowed 
thermal resistance for the PC board, R 0 pQ_/^, which will 
permit nonderated operation in a given ambient 
temperature. 

To optimize device optical performance, specially 
developed plastics are used which restrict the solvents 
that may be used forcleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv DI-15 or 
DE-15, Arklone A or K. A 60°C (140°F) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
Isopropanol or water with a mild detergent. 
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CONTRAST ENHANCEMENT 


these display devices are assembled with a gray package 
The objective of contrast enhancement is to provide good encapsulating epoxy in the segments, 

display readability in the end use ambient light. The Contrast enhancement in bright ambients may be 

concept is to employ chrominance contrast techniques to achieved by using a neutral density gray filter such as 

enhance readability by having the OFF-segments blend Panelgraphic Chromafilter Gray 10. Additional contrast 

into the display background and have the ON-segments enhancement may be achieved by using the neutral 

stand out vividly against this same background. Therefore, density 3M Light Control Film (louvered filter). 



tp - PULSE DURATION - ps - AMBIENT TEMPERATURE - °C 


Figure 1. Maximum Allowable Peak Current vs. Pulse Duration. Figure 2. Maximum Allowable DC Current per 

Segment vs. Ambient Temperature. 
Deratings Based on Maximum 
Allowable Thermal Resistance Values, 
LED Junction-to-Ambient on a per 
Segment Basis. TjMAX-IOO^'C. 



Figure 3. Relative Efficiency (Luminous Figure 4. Peak Forward Segment Current Figure 5. Relative Luminous Intensity vs. 

Intensity per Unit Current) vs. vs. Peak Forward Voltage. DC Forward Current. 

Peak Segment Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 















TECHNICAL DATA MARCH 1980 


Features 


• 5082-7730 

Common Anode 
Left Hand D.P. 

• 5082-7731 

Common Anode 
Right Hand D.P. 

• 5082-7736 

Polarity and Overflow Indicator 
Universal Pinout 
Right Hand D.P. 

• 5082-7740 

Common Cathode 
Right Hand D.P. 

• EXCELLENT CHARACTER APPEARANCE 

Continuous Uniform Segments 
Wide Viewing Angle 
High Contrast 

• IC COMPATIBLE 

1.6V dc per Segment 

• STANDARD 0.3” DIP LEAD CONFIGURATION 

PC Board or Standard Socket Mountable 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit within a Single Category 



Description 


The HP 5082-7730/7740series devices are common anode 
LED displays. The series includes a left hand and a right 
hand decimal point numeric display as well as a polarity 
and overflow indicator. The large 7.62 mm (0.3 In.) high 
character size generates a bright, continuously uniform 
seven segment display. Designed for viewing distances of 
up to 3 meters (9.9feet), these single digit displays provide 
a high contrast ratio and a wide viewing angle. 

The 5082-7730 series devices utilize a standard 7.62 mm 
(0.3 in.) dual-in-line package configuration that permits 
mounting on PC boards or in standard IC sockets. 
Requiring a low forward voltage, these displays are 
inherently IC compatible, allowing for easy integration 
into electronic instrumentation, point of sale terminals, 
TVs, radios, and digital clocks. 


Devices 


Pan No. 
5082- 




Common AnotIO Left Hand Oecimai : 
Common Anode Right Hand Decimal 
Uhivarsal Over'fk^w Rtf ht Hand becimal 


Common Cathode Right Hand Decimal' " 


Package Drawing 




Note; Universal pinout brings the anode and cathode of each segment’s LED out to separate pins. See internal diagram C. 
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Package Dimensions 



1 


2 


3 


- 0-25 


i .010) ^ 


5 


6 


7 



LUMINOUS 

INTENSITY 

CATEGORY 



19.05 ± 0.25 
(.750 ± .010) 


12 


11 

7.11 

{.290) 

10 



LUMINOUS 

INTENSITY 

CATEGORY 



si 


254 (.010) 
1.02 (.040) 


19.05 ± 0.25 
(.750 ± .010) 



2.54 '-0.51 

(. 100 ) (. 020 ) 








(IJoot 1^ 

_^_J_ 


1. Dimensions in millimeters and (inches). 

2. All untoleranced dimensions are 
for reference only 

3. Redundant anodes. 


4. Unused dp position. 

5. See internal Circuit Diagram. 

6. Redundant cathode. 

7. See part number table for L.H.D.P. and R.H.D.P. designation. 


internai Circuit Diagram 





Absoiute Maximum Ratings 


Average Power Dissipation Per Segment or D.P.<^’ (Ta= 50®C) . 65mW 

Operating Temperature Range . -40®C to +85® C 

Storage Temperature Range . -40® C to +85® C 

Peak Forward Current Per Segment or D.P.^®^ (Ta= 50®C).150mA 

Average Forward Current Per Segment or D.P. (Ta= 50®C). 25mA 

Reverse Voltage Per Segment or D.P. .6.0V 

Lead Soldering Temperature . 260® C for 3 Sec 

[1.59mm (1/16 inch) below seating plane] 


Notes: 1. See power derating curve 
(Fig.2). 2. Derate DC current from 
50“ C at 0.43mA/“C per segment. 
3. See Fig. 1 to establish pulsed 
operating conditions. 4. Clean only in 
water, isopropanol, ethanol. Freon 
TF or TE (or equivalent) and Gene- 
solv DI-15 or DE-15 (or equivalent). 
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Electrical/Optical Characteristics at Ta=25°C 


Description 


/Toil Cofittlilon 

Min. 

Typ. 

Max. 


Luminous Intensity/Segment 
(Digit Average) 


; iOOmA; 

5/IO^Diity Cycle 


200 


f '"^cd 


100 

350 


Peak Wavelength . 



- 

655 


hm 

Dominant Wavelength : s . . . 




640 


nm 

Forward Voltage, any Segment or D.P. ' ^ 


5,)F;^'20mA=': ^ 


' ;,1.0 

2.o;,: 

V 

Reverse Current, any Segment OT D.P. . 


v;jyit.=;6v 


10 


M,- 

Rise and Fall Time^^^ 




. ' '' , j 

10 


-'.'ns-' / 

Temperature Coefficient of Forward Voltage 





-20 


mV/*C 

Thermal Resistance LED Junction-to-Pfn 





282 


®o/w/ 

Seg 


Notes: 

1. The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the package. 

2. The dominant wavelength, \d, is derived from the CIE Chromaticity Diagram and is that single wavelength which defines the color of the device. 

3. Time for a 10% - 90% change of light intensity for step change in current. 


ELECTRICAL 

The HDSP-7730/7740 series of display devices are 
composed of eight light emitting dio^ies, with the light 
from each LED optically stretched to form individual 
segments and a decimal point. The LEDs have the P-N 
junction diffused into a GaAsP epitaxial layer on a GaAs 
substrate. 

These display devices are designed for strobed operation 
at high peak currents. The typical forward voltage values, 
scaled from Figure 4, should be used for calculating the 
current limiting resistor values and typical power 
dissipation. Expected maximum Vp values for the purpose 


of driver circuit design may be calculated using the 
following Vp model: 

Vp = 1.55V + IpEAK (70) 

For 5mA < IpEAK ^ 150mA 


CONTRAST ENHANCEMENT 

The 5082-7730/7740 series display may be effectively 
filtered using one of the following filter products: Homallte 
HI00-1605: H 100-1804 (purple); Panelgraphic Ruby Red 
60: Dark Red 63: Purple 90; Plexiglas 2423; 3M Brand Light 
Control Film for daylight viewing. 
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MAX - MAXIMUM DC CURRENT - mA 


16 


12 f 


8 [ “ 7«a’C/W/8EGMENT± 


0 10 20 30 40 50 60 70 80 90 100 


- AMBIENT TEMPERATURE - °C 



10 20 30 40 50 

IpFAK - peak segment current - mA 


Figure 2. Maximum Allowable DC Current 

Dissipation per Segment as a Function 
of Ambient Temperature. 


Figure 3. Relative Efficiency (Luminous Intensity per Unit 
Current) versus Peak Current per Segment. 



.4 .8 1.2 1.6 2.0 2.4 2 8 3 2 

Vf - FORWARD VOLTAGE - V 


Figure 4. Forward Current vs. Forward Voltage. 


t< 

UJN 1.0 



If - SEGMENT DC CURRENT - mA 


Figure 5. Relative Luminous Intensity vs. DC 
Forward Current 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 
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Features 

• 5082-7750 

Common Anode 
Left Hand D.P. 

• 5082-7751 

Common Anode 
Right Hand D.P. 

• 5082-7756 

Polarity and Overflow Indicator ^ 

Universal Pinout 
Right Hand D.P. 

• 5082-7760 

Common Cathode 
Right Hand D.P. 

• LARGE DIGIT 

Viewing Up to 6 Meters (19.7 Feet) 

• EXCELLENT CHARACTER APPEARANCE 

Continuous Uniform Segments 
Wide Viewing Angle 
High Contrast 

• 1C COMPATIBLE 

• STANDARD 7.62mm (.3 in.) DIP 
LEAD CONFIGURATION 

PC Board or Standard Socket Mountable 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit within a Single Category 





Description 

The 5082-7750/7760 series are large 10.92mm (.43 in.) 
GaAsP LED seven segment displays. Designed for 
viewing distances up to 6 meters (19.7 feet), these single 
digit displays provide a high contrast ratio and a wide 
viewing angle. 

These devices utilize a standard 7.62mm (.3 in.) dual-in¬ 
line package configuration that permits mounting on PC 
boards or in standard 1C sockets. Requiring a low forward 
voltage, these displays are inherently 1C compatible, 
allowing for easy integration into electronic instru¬ 
mentation, point of sale terminals, TVs, radios, and digital 
clocks. 


Devices 


Part No. 5082- 

Descdptiop 

Package Drawing 

-7750 

Common Anode Left Hand Decimal 

, , A , 

-7751 . 

Common Anode Right Hand Decimal 

B 

-7756 

Universal Overflow ±1 Right Hand Decimal 

C, 

-7760 

Common Cathode Right Hand Decimal 

D 


Note: Universal pinout brings the anode and cathode of each segment’s LED out to separate pins. See internal diagram C. 
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Package Dimensions 


2 rfCZZ3f^h3 



10.92 (.430) 


19.05 ± 0.25 
(.750 ± .010) 


+ 9 ofji 

o Ujc 


FRONT VIEW 


_12.70 (.500) _ 
MAX. 


LUMINOUS 
INTENSITY \ 

CATEGORY \ 152 

\(.0^)^ 


19.05 ± 0.25 
(.750 ± .010) 


—0.25 (.010) 




NOTES: 

1. Dimensions in millimeters and (inches). 

2. All untoleranced dimensions are for 
reference only. 

3. Redundant anodes. 

4. Unused dp position. 

5. See Internal Circuit Diagram. 

6. Redundant cathodes. 


CATHODC^r''', 

CATKOOE4 

>NOOEt35 

WOPfW 

NO PIN 

CATHODE-dp 

CATHODE-e 

CATWODEd 

NO CONN. (85 

CATHODEc 

CATHQOE-g 

NO PIN 

CATHODE:b 

ANODE f^5 i 


Internal Circuit Diagram 





Absolute Maximum Ratings 


CATHODEa 
CATMODE-f 
ANODE (31 
NO PIN 
NO PIN 
NO CONN. (S) 
CATHODES 
CATHODE 4 
CATHODE-dp 
CATHOOE-c 
CATHODE- g 
NO PIN 
CATHOOE-b 

anodedi 


€d' ANODE-e 
I ANOOE 4 

CATHODE ( 8 ) 
E-c NO PIN 
E>e NO PIN 

NOCONNJSl 
ANODE-e 
Ip ANOOE-d 
E-dp ANOOE-dp 
E-b ANODE-c 
E-a ANODE-g 
NO PIN 
ANODE-b 

I CATHODEtei 


Average Power Dissipation Per Segment or D.P. ’ (Ta= 50°C) . 65mW 

Operating Temperature Range .. -40® C to +85® C 

Storage Temperature Range ... -40® C to +85® C 

Peak Forward Current Per Segment or D.P^®* (Ta= 50®C).150mA 

DC Forward Current Per Segment or D.P.<^'2) (Ta= 50®C) .25mA 

Reverse Voltage Per Segment or D.P.6.0V 

Lead Soldering Temperature . .. 260® C for 3 Sec 

[1.59mm (1/16 inch) below seating plane^'^^] 



Notes: 1. See power derating curve 
(Fig.2). 2. Derate average current 
from 50° C at 0.43mA/°C per 
segment. 3. See Maximum Toler¬ 
able Segment Peak Current vs. 
Pulse Duration curve, (Fig. 1). 4. 
Clean only in water, isopropanol, 
ethanol. Freon TF or TE (or 
equivalent) and Genesolv DI-15 or 
DE-15 (or equivalent). 
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Electrical/Optical Characteristics at Ta=25°C 


Omcrlptlm 

Symtiol 

Test Condition 

Min. 

Typ. 

Max. 

Units 

Luminous Intensity/Segment 

(Digit Average) 

' Jv ; 

IpEAK = 100mA 
12.5% Duty Cycle 


350 


^cd 

Ip - 20mA 

160 

400 


Pe^k Wavelength 

XPEAK 



655 


nm 

Dominant Wavelength 

Ad 



645 


nm 

Forward Voltage, any Segment or D P. 

Vf 

If = 20mA 


1.6 

2.0 

V 

Reverse Current, any Segment or D.P* 

Ir 

Vr = 6V 


10 


mA 

Rise and Fall Time 

tr,tf 



10 


ns 

Temperature Coefficient of Forward Voltage 

AVp/'C 



-2.0 


mvro 

Thermal Resistance LED Junction-to-Pin 

R^j~pin 
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i 

^C/W/ 

Seg 


Notes: 

1. The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the package. 

2. The dominant waveiength, Xd, is derived from the CIE Chromaticity Diagram and is that single wavelength which defines the color of the device. 

3. Time for a 10% - 90% change of light intensity for step change in current. 


ELECTRICAL 

The HDSP-7750/-7760 series of display devices are 
composed of eight light emitting diodes, with the light 
from each LED optically stretched to form individual 
segments and a decimal point. The LEDs have the P-N 
junction diffused into a GaAsP epitaxial layer on a GaAs 
substrate. 

These display devices are designed for strobed operation 
at high peak currents. The typical forward voltage values, 
scaled from Figure 4, should be used for calculating the 
current limiting resistor values and typical power 
dissipation. Expected maximum Vf values for the purpose 


of driver circuit design may be calculated using the 
following Vf model: 

Vf= 1.55V + IPEAK (7a) 

For 5mA < Ipeak ^ 150mA 

CONTRAST ENHANCEMENT 

The 5082-7750/7760 series display may be effectively 
filtered using one of the following filter products: Homalite 
H 100-1605 or H 100-1804 Purple; Panelgraphic Ruby Red 
60, Dark Red 63 or Purple 90; Plexiglas 2423; 3M Brand 
Light Control Film for daylight viewing. 



Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration. 
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MAX - MAXIMUM DC CURRENT - itiA 



16 r«ja • 4«<rcmE0«iwT 
12 ” «irC/W/StOM€NT 



0 10 20 30 40 50 60 70 


- AMBIENT TEMPERATURE - “C 



U 10 20 30 40 50 

•peak “ SEGMENT CURRENT - mA 


Figure 2. Maximum Allowable DC Current per 
Segment vs. Ambient Temperature. 
Deratings Based on Maximum Allowed 
Thermal Resistance Values, LED 
Junction-to-Ambient on a per Segment 
Basis. TjMAX=l 00° C 


Figure 3. Relative Efficiency (Luminous Intensity per Unit 
Current) versus Peak Current per Segment. 



0 .4 8 1.2 1.6 2.0 2.4 2 8 3.2 

Vp - FORWARD VOLTAGE - V 

Figure 4. Forward Current versus Forward 
Voltage. 



5 10 15 20 25 

If - SEGMENT DC CURRENT - mA 


Figure 5. Relative Luminous Intensity 
vs. D.C. Forward Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 
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TECHNICAL DATA MARCH 1980 


Features 

• 20mm (0.8”) DIGIT HEIGHT 

Viewing Up to 10 Metres (33 Feet) 

• EXCELLENT CHARACTER APPEARANCE 

Excellent Readability In Bright Ambients 
Through Superior Contrast Enhancement 
— Gray Body Color 
— Untinted Segments 
Wide Viewing Angle 
Evenly Lighted Segments 
Mitered Corners on Segments 

• LOW POWER REQUIREMENTS 

Single GaAsP Chip per Segment 

• EASY MOUNTING ON PC BOARD OR SOCKETS 

industry Standard 15.24mm (0.6”) DIP with 
Lead Spacing on 2.54mm (0.1”) Centers 
Industry Standard Package Dimensions 
and Pinouts 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit Within a Single Category 

• 1C COMPATIBLE 

• MECHANICALLY RUGGED 



Description 

The HDSP-3400 Series are very large 20,32mm (0.8 In.) 
GaAsP LED seven segment displays. Designed for 
viewing distances up to 10 metres (33 feet), these single 
digit displays provide excellent readability in bright 
ambients. 

These devices utilize a standard 15.24mm (0.6 in.)dual in 
line package configuration that permits mounting on PC 
boards or in standard 1C sockets. Requiring a low forward 
voltage, these displays are inherently iC compatible, 
allowing for easy integration into electronic instrumenta¬ 
tion, point-of-sale terminals, TVs, weighing scales, and 
digital clocks. 


Devices 


NitNp.HDSP 


Package Diawiiig 

*^00., 




- r s Commofi_ Amide; 





■j 




Universal Overflow ±4 Right Hand Decimal 

'V-'" 


Note: Universal pinout brings the anode and cathode of each segment’s LED out to separate pins. See internal diagram E. 
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Package Dimensions 




T 13.08 
0-16 (0.515) 
.400) I 


27.69 ± 0.25 
(1.090 ± 0.010) 


-J U- ^-27 

(0.050) 

iT 

({.‘-CHARACTER 

Lpackage 

FRONT VIEW A,D 


19.96 MAX. 
(0.786 MAX.) ~ 



•p ; ■' 







1 

; /I 

id 


■ 


^ ' It 

1 

4 , 

iUll 


16 9.39 

15 (0.370) I 

14_ i_ 18.87 

(0.743) 


LUMINOUS 

INTENSITY- 

CATEGORY 


6.1 MIN. 
(0.240 MIN.) 



8.38 ± 0.25 
(0.330 ± 0.010) 


15.24 ± 0.25 
(0.600 ± 0.010) 



I ^CHARACTER 
-PACKAGE 

FRONT VIEW B,C 


'"'i;' OATHO£^m:> 
a . .CATH<S3tf . 

'y ■4-'- ANbOfe'^V-:'' 

' /GATHOOt*. 

MW 
'bAtMbE'4'' ■ 
■‘-13.:= i3AiH0be,0l' 
itr gathoc^i?' - 

Mfv 'A«0D6(»y,c;; 
t#;-' M"AIn ; 


2.54 ± 0.25 
( 0.100 ± 0 . 010 ) 


:'(5ATH©M?A', 
'GATHCmi'l' ' 

^ -AN0O6l*r'N'-, 

lCathoi:^,$ . 

; Af«lO0£(*^'V 

,NO WVVVo 

OAtMObE#, 

GAtHbOl'tt.^ 

'CATH0bE-.<!;. 
CA^HObE^' 
,CAtHO(7e&V 
Mw . 

'ANbOE^^^' 

NO RIN ' ' 


PACKAGE -* 

FRONT VIEW E 


-'-'y 

/ 

Ino'pIn'. '-Z'"'" 

ANODE 
ANODE I 
CATMOEf^ . 
'ANODE 
CATHOOff*^-, 
NO. CONNEC 
'NO PIN 'c'. 
NOPIN 
.AAIOOE# ' 

^ ANODE <1 ; 

iOATMOD£»! , 

: anode c, ' 
i ANODE 9 
I ANODE 5' 

[HOPIN'' / ' ' 

iOATHODE^I' ■ 
NO PIN : r' 




'I'-b 




m PIN ■ 

NQ.mN>,-,'',T'.:'- 

Af«>D{ * 

CATHOOEAx' 

ANODE! 

ANODtP-',,,'. ' 

'CA?HOOE(« ■' 


ANODE «' , 

DAWQDEd-''. 

CATHODE9J' '■ 

,GAtHODE;»''', 

ANODE 

■aAiNODE'fi"'Y=''", 

, NO PIN,,', 

OATNODE dp 

NO PIN 

NO'IHN ' 4 

NOPtN',v'"-i 

ANODE dp , 

ANODE d,',' 

CATHODE dp 

. OATMODf(%' 

CATHODE b 

ANODE'd 

ANODEb. 

ANODES 

ANODE b 

' ANODE b.'- 

anode 8 

NO PIN ' ' ;i 

NO PIN 

OAtHOOE^®^ - 

cathode a 

NO PIN 

NO PIN 


NOTES: 

1. Dimensions in millimetres and (inches). 4. Unused dp position. 

2. All untoleranced dimensions are for reference only. 5. See internal Circuit Diagram. 

3. Redundant anodes. 6. Redundant cathodes. 

internal Circuit Diagram 







Absolute Maximum Ratings 

Average Power Dissipation per Segment or DP (Ta = 50® . 

Operating Temperature Range . 

Storage Temperature Range . 

Peak Forward Current per Segment or DP (Ta = 50® C, Pulse Width = 1.2ms) 

DC Forward Current per Segment or DP (Ta = 50® C)^^!.... 

Reverse Voltage per Segment or DP ..... 

Lead Soldering Temperature (1.6mm [1/16 Inch] Below Seating Plane) — 


. lOOmW 

-20® C to+85® C 
-20® C to+85® C 

. 200mA 

. 50mA 

. 6.0V 

260® C for 3 sec. 


Notes; 

1. Derate maximum DC current above Ta = 50®C at 1mA/®C per segment, see Figure 2. 

2. See Figure 1 to establish pulsed operating conditions. 
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Electrical/Optical Characteristics at Ta=25°C 


Symbol Tost Condtllon 


If ^ 20mA 



__ Description 

tuminous Intenslty/Segmerit 
(Digit Average) ni 

Peak Wavelength 


Dominant Wavelength _ 

Forward Voltage, any Segment or DP 
Reverse Current, any Segment or DP 
Rise and FairTime t^i 

Temperature Coefficient of 
Forward Voltage 


Thermal Resistance LED Junction-to-Pin 


Notes: 

1. The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the 
package. 

2. The dominant wavelength. Ad, is derived from the CIE Chromaticity Diagram and is that single wavelength which defines the color of the device. 

3. Time for a 10% - 90% change of light intensity for step change in current. 



Electrical 

The HDSP-3400 series of display devices are composed of 
eight light emitting diodes, with the light from each LED 
optically stretched to form Individual segments and a 
decimal point. The LEDs have the P-N junction diffused 
into a GaAsP epitaxial layer on a GaAs substrate. 

These display devices are designed for strobed operation 
at high peak currents. The typical forward voltage values, 
scaled from Figure 4, should be used for calculating the 
current limiting resistor values and typical power 
dissipation. Expected maximum Vf values for the purpose 
of driver circuit design may be calculated using the 
following Vf model: 

Vf = 1.78V + IPEAK (3.70) 

For: 30mA <Ipeak ^OOmA 


Contrast Enhancement 

The objective of contrast enhancement is to provide good 
display readability in the end use ambient light. The 
concept is to have the OFF-segments blend Into the 
display background and to have the ON-segments stand 
out vividly against this same background. To achieve this 
goal the HDSP>3400 displays use a gray package and 
untinted segments to maximize readability in bright 
ambients. 

Contrast enhancement is achieved by using one of the 
following filter products: SGL Homallte H100-1605 RED or 
H100-1804 PURPLE: Panelgraphic RUBY RED 60, DARK 
RED 63 or PURPLE 90; Plexiglass 2423; 3M Light Control 
Film (louvered filters) in 80% Neutral Density, RED 655, 
VIOLET or PURPLE colors. 



■mbBhI 




OPERATION 

IN THIS 

REGION 

REQUIRES 

TEMPERATURE 

DERATING 

OF Idc max 


DC 

. OPERATION 


100 1000 


tp - PULSE DURATION - pis 


Figure 1. Maximum Allowable Peak Current vs. Pulse Duration. 
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Figure 2. Maximum Aiiowabie DC Current per Figure 3. Reiative Efficiency (Luminous 

Segment vs. Ambient Temperature. Deratings intensity per Unit Current) vs. Peak 

Based on Maximum Aiiowed Thermai Segment Current. 

Resistance Vaiues, LED Junction-to*Ambient 
on a per Segment Basis. TjMAX-IOO^’C. 



Vf - FORWARD VOLTAGE - V 


Figure 4. Peak Forward Segment 
Current vs. Peak Forward Voitage. 



If - SEGMENT DC CURRENT - mA 


Figure 5. Reiative Luminous Intensity vs. 
DC Forward Current. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 
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HEWLETT 

PACKAM 


SOLID STATE 
NUMERIC INDICATOR 
(7 Segment Ntonolithlc) 


mm 

SERIES 


TECHNICAL DATA MARCH 1980 


Features 

• ULTRA LOW POWER 

Excellent Readability at Only 500 
Average per Segment 

• CONSTRUCTED FOR STROBED OPERATION 

Minimizes Lead Connections 

• STANDARD DIP PACKAGE 

End Stackable 

Integral Red Contrast Filter 

Rugged Construction 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit within a Singie Category 

• 1C COMPATIBLE 


Description 

The HP 5082-7400 series are 2.79nnm (.11"), seven 
segment GaAsP numeric indicators packaged in 3, 
4, and 5 digit end-stackable clusters. An integral 
magnification technique increases the luminous in¬ 
tensity, thereby making ultra-low power consump¬ 
tion possible. Options include either the standard 
lower right hand decimah point or a centered deci¬ 
mal point for increased legibility in multi-cluster 
applications. 

Applications include hand-held calculators, port¬ 
able instruments, digital thermometers, or any other 
product requiring low power, low cost, minimum 
space, and long lifetime Indicators. 


Device Selection Guide 


























Absolute Maximum Ratings 


Peak Forward Current per Segment ^Duration < 1 msec} 
Average Current per Segment 
Power D^lpation per Digit 

emperature. Ambient 
Storage temperature 
Reverse Voitage 


NOTES: 1. At 25®C; derate 1mW/®C above 25°C ambient. 2. See Mechanical Section for recommended flux removal solvents. 

Electrical/Optical Characteristics at Ta=25°c 



Symbol 

Test Condidon 

Min. 

Typ- 

Max. 

Units 

Luminous Intensity/Segment or dp 

ITlme Averaged} 

Iv 

(IpK « 10mA 
duty cycle = 10%} 

5 

20 


jucd 

Peak Wavelength 

XpEAK 



655 


nm 

Forward Voltage/Segment or dp 

vp 

Ip^lOmA 


1.6 

2.0 

V 

Heverse Current/Segment or dp 


V„ = 5V 



100 

juA 

Jllse and Fall Time f 

tf, tf 



10 


ns 


NOTES: 3. The digits are categorized for luminous intensity. Intensity categories are designated by a letter located on the back side of 
the package. 4. Operation at Peak Currents less than 5mA is not recommended. 5. Time for a 10%-90% change of light in¬ 
tensity for step change in current. 




.8 1 2 1 6 2.0 2 4 2.8 3 2 

- FORWARD VOLTAGE - V 


Figure 1. Forward Current vs. 
Forward Voltage. 


0.4 0.6 0.8 1.0 2.0 4.0 6.0 

, - AVERAGE CURRENT PER SEGMENT-mA 


Figure 2. Typical Time Averaged Luminous Intensity per Segment 
(Digit Average) vs. Average Current per Segment. 



20 40 60 80 


Tc - CASE TEMPERATURE - °C 

Figure 3. Relative Luminous Intensity vs. Case 
Temperature at Fixed Current Level. 



IPEAK - peak current per segment - mA 

Figure 4. Relative Luminous Efficiency vs. 
Peak Current per Segment. 
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Package Description 


NOTES: 1. Dimensions in millimeters and (inches). 

2. Tolerances on all dimensions are ±0.038mm (±.015 in.) unless otherwise noted. 


1^1.27 ±0.13 
hl.060*.005) ^ 


t 

t 6.35 ± 0.25 


(.250 ± .010) 

^ ’l, _J 3.81 6 

^(.150) 

TYP. 

15.37 

^ '’•®5 ref I 

r (.065) 

M^x! 


1.90 ±0.13 
(.075 ± .005) 


3.18 
(.125) 
8 REF. 



I I 4.43 ± 0.51 

2.54 (.175 ±.020) 

-H h~(.100) 




Figure 5. 5082-7402/-7403/>7404/ 
-7412/-7413/-7414 


Figure 6. 5082-7405/7415 


All Devices 


MagnifieiJ Character Font Description 


DtMfMSIONS IMMILLIMETERS AND (INCHES). 


DEVICES 

5082-7402 

5082-7403 

5082-7404 

5082-7405 



DIMENSIONS IN MILLIMETER AND (INCHES). 


DEVICES 

5082-7412 

5082-7413 

5082-7414 

5082-7415 


Figure Center Decimal Point Configuration. 


Figure 8. Right Deettnat Point 
Configuration v 





.7#? (.031) 
REF. 


.633 (.021) 
REF. 


Device Pin Description 


PIN NO. 

5082-7402/7412 

FUNCTION 

5082-7403/7413 

FUNCTION 

'V -6dS2-7#4/7#4, tfi 
FUNOTIOl* 


1 

SEE NOTE 1. 

CATHODE 1 



\ , 2 ' 

ANODEe 

ANODEe 



3 

ANODEc 

ANODEc 



'.'4', ; 

CATHODES 

CATHODE 3 



5 

ANODE dp 

ANODE dp 



6 

CATHODE 4 

SEENOTfil. 



7 

ANODEg 

ANODE 



■ n , 

ANODEd 

\ ANODE d-;;:;Vrv;/ 


ANODE g 

9 

ANODEf 

-ANODE 


. .CATM0^ 4 ' 

10 

CATHODE 2 

CATHODE:2 : ? 



11 

ANODEb 

.: ANOOE-b;;:^jx/' 


5 (See lintel! 

am 

ANODE a. 

, ANOpEa V'; 

. ANODE a 


BnS 





14 



- 



NOTE 1. Leave Pin unconnected 























Electrical/Optical 

The 5082-7400/-7410 series devices utilize a monolithic 
GaAsP chip of 8 common cathode segments for each 
display digit. The segment anodes of each digit are 
interconnected, forming an 8 by N line array, where N is 
the number of characters in the display. Each chip is 
positioned under an integrally molded lens giving a 
magnified character height of 2.79mm (0.11) inches. 
Satisfactory viewing will be realized within an angle of 
approximately ±30° from the center-line of the digit. 

The decimal point in the 7412, 7413, 7414, and 7415 
displays is located at the lower right of the digit for 
conventional driving schemes. 

The 7402, 7403, 7404 and 7405 displays contain a centrally 
located decimal point which is activated in place of a digit. 
In long registers, this technique of setting off the decimal 
point significantly Improves the display’s readability. With 
respect to timing, the decimal point is treated as a separate 
character with its own unique time frame. 

Mechanical 

The 5082-7400 series package is a standard 12 or 14 Pin 
DIP consisting of a plastic encapsulated lead frame with 
integral molded lenses. It Is designed for plugging Into 
DIP sockets or soldering into PC boards. The lead frame 


construction allows use of standard DIP Insertion tools 
and techniques. Alignment problems are simplified due to 
the clustering of digits in a single package. The shoulders 
of the lead frame pins are intentionally raised above the 
bottom of the package to allow tilt mounting of up to 20° 
from the PC board. 

To improve display contrast, the plastic incorporates a red 
dye that absorbs strongly at all visible wavelengths except 
the 655 nm emitted by the LED. In addition, the lead 
frames are selectively darkened to reduce reflectance. An 
additional filter, such as Plexiglass 2423, Panelgraphic 60 
or 63, and SQL Homalite 100-1605, will further lower the 
ambient reflectance and improve display contrast. 

To optimize device optical performance, specially 
developed plastics are used which restrict the solvents 
that may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an Immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv DI-15 or 
DE-15, Arklone A or K. A 60°C (140° C) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35 or T-P35, Ethanol, 
Isopropanol or water with a mild detergent. 
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HEWLETT 

PACKARD 


SOLID STATE 
NUMERIC INDICATOR 
(7 Segment Monolithic) 


5082-7430 

SERIES 


TECHNICAL DATA MARCH 1980 


Features 


• MOS COMPATIBLE 

Can be Driven Directly from many 
MOS Circuits 

• LOW POWER 

Excellent Readability at Only 250 jjlA Average 
per Segment 

• CONSTRUCTED FOR STROBED OPERATION 

Minimizes Lead Connections 

• STANDARD DIP PACKAGE 

End Stackable 

Integral Red Contrast Filter 

Rugged Construction 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit within a Single Category 


Description 

The HP 5082-7430 series displays are 2.79mm (.11 
inch, seven segment GaAsP numeric indicators pack¬ 
aged in 2 or 3 digit end-stackable clusters on 200 
mil centers. An integral magnification technique in¬ 
creases the luminous intensity, thereby making ul¬ 
tra-low power consumption possible. These clusters 



have the standard lower right hand decimal points. 

Applications include hand-held calculators, portable 
Instruments, digital thermometers, or any other 
product requiring low power, low cost, minimum 
space, and long lifetime indicators. 


Device Selection Guide 


Digits per 

Configuration 


Cluster 

Device 

Package 

Part Number 

2(right) 

LJ LJ 

(Figure 5) 

i 

5082-7432 

3 ! 

FI fl fl 

(Figure 5) 

5082-7433 
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Absolute Maximum Ratings 


Parameter Symbol Mfn. Wax. Unlt$ 

Peak Forward Current per Segment or dp (Duration < SOQps) ipEAK SO mA 

Average Current per Segment or dp V ^ )avg S 

Power Dissipation per DlgltCtj \ ; V.'" '-'v Ij ' "rv'/'V ' - 

Operating Temperature, Ambient Ta 75 

Storage Temperature : ■' • - • . -AO ■, - tOO 

Beverse Voltage S/f\ 5 

Solder Temperature 1/16"'below seating plane (t< 3 230 


NOTES: 1. Derate linearly @ 1 mWT’C above 25“^C ambient. 2. See Mechanical section for recommended flux removal solvents. 

Electrical/Optical Characteristics at Ta=25®C 


Parameter 

tumlnous Intensity/Segment or 

Peak Wavelength 
Forward Voltage/Segment or dp 
Reverse Current/Segment or dp 
Rise and Fall Time 



too 

HA 


m 


NOTES: 3. The digits are categorized for luminous intensity. Intensity categories are designated by a letter located on the back side of 
the package. 4. Operation at Peak Currents less than 3.5mA is not recommended. 5. Time for a 10%-90% change of light in¬ 
tensity for step change in current. 


s s 300 H DUTY CYCLE * 5%' 
<S II I 



) .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 

Vp - PEAK FORWARD VOLTAGE - V 

Figure 1. Peak Forward Current vs. 
Peak Forward Voltage 



0.1 0.2 0.3 0.5 1.0 2 3 


Iavg - AVERAGE CURRENT PER SEGMENT - mA 

Figure 2. Typical Time Averaged Luminous Intensity 
per Segment vs. Average Current per Segment 



20 40 60 80 


Ta - AMBIENT TEMPERATURE - °C 

Figure 3. Relative Luminous Intensity vs. Ambient 
Temperature at Fixed Current Level 



IPEAK - PEAK CURRENT PER SEGMENT - mA 

Figure 4. Relative Luminous Efficiency vs. Peak 
Current per Segment 


213 


SOLID STATE 
DISPLAYS 














Package Description 



Magnified Character Font Description 


DEVICES 

REF 

L065) 



a 


5082-7432 


1 

1 

5082-7433 

i 

,1 

1 » 1 

! 

2.79 



! 

Ij '•"> 

. . ■' 


i 

I 

i 


DlMiNSlONS IN MILtlMETfiRS AND (INCHES). . 





Figure 6. 

Device Pin Description 


PIN 

NUMBER 

5082-7432 

FUNCTION 

5082-7433 

FUNCTION 

1 

SEE NOTE!. 

CATHODE 1 

2 

ANODEe 

ANODEe 

3 

ANODE d 

ANODEd 

4 

CATHODE 2 

CATHODE 2 

5 

ANODE c 

ANODEc 

6 

ANODE dp 

ANODE dp 

7 

CATHODE 3 

CATHODES 

8 

ANODE b 

ANODEb 

9 

ANODE g 

ANODE g 

10 

ANODE a 

ANODE a 

11 

ANODE f 

ANODE f 

12 

SEE NOTE 1. 

SEE NOTE t 


NOTE 1. Leave Pin unconnected. 
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Electrical/Optical 

The 5082-7430 series devices utilize a monolithic GaAsP 
chip of 8 common cathode segments for each display 
digit. The segment anodes of each digit are intercon¬ 
nected, forming an 8 by N line array, where N is the 
number of characters in the display. Each chip is 
positioned under an integrally molded lens giving a 
magnified character height of 2.79mm (0.11) inches. 
Satisfactory viewing will be realized within an angle of 
approximately ±20° from the center-line of the digit. 

To improve display contrast, the plastic encapsulant 
contains a red dye to reduce the reflected ambient light. 
An additional filter, such as Plexiglass 2423, Panelgraphic 
60 or 63, and SGL Homalite 100-1605, will further lower the 
ambient reflectance and Improve display contrast. 

Character encoding on the 5082-7430 series devices is 
performed by standard 7 segment decoder/drivercircuits. 
Through the use of strobing techniques only one 
decoder/driver is required for very long multidigit 
displays. 


Mechanical 

The 5082-7430 series package is a standard 12 Pin DIP 
consisting of a plastic encapsulated lead frame with 
Integral molded lenses. It is designed for plugging into 
DIP sockets or soldering into PC boards. The lead frame 
construction allows use of standard DIP insertion tools 
and techniques. Alignment problems are simplified due to 
the clustering of digits in a single package. 

To optimize device optical performance, specially 
developed plastics are used which restrict the solvents 
that may be used for cleaning. It is recommended that only 
mixtures of Freon (F113) and alcohol be used for vapor 
cleaning processes, with an immersion time in the vapors 
of less than two (2) minutes maximum. Some suggested 
vapor cleaning solvents are Freon TE, Genesolv DI-15 or 
DE-15, Arklone A or K. A 60°C (140°C) water cleaning 
process may also be used, which includes a neutralizer 
rinse (3% ammonia solution or equivalent), a surfactant 
rinse (1% detergent solution or equivalent), a hot water 
rinse and a thorough air dry. Room temperature cleaning 
may be accomplished with Freon T-E35orT-P35, Ethanol, 
Isopropanol or water with a mild detergent. 




'iwffl 






DRIVERS I 


u ~i = D t o 

“ 1: 0 D. _J 



Figure?. Block Diagram for Calculator Display 
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Features 

• MOS COMPATIBLE 

Can be driven directly from MOS circuits. 

• LOW POWER 

Excellent readability at only 250 mA 
average per segment. 

• UNIFORM ALIGNMENT 

Excellent alignment is assured by design. 

• MATCHED BRIGHTNESS 

Uniformity of light output from digit to 
digit on a single PC Board. 

• AVAILABLE IN 50.8mm (2.0 inch) AND 
60.325mm (2.375 inch) BOARD LENGTHS 


Description 

The HP 5082-7440 series displays are 2.67mm (.105") 
high, seven segment GaAsP Numeric Indicators mounted 
in an eight or nine digit configuration on a P.C. Board. 
These special parts, designed specifically for calculators, 
have right hand decimal points and are mounted on 


Device Selection Guide 


Digits 

Per 

P€ Board 

Configuration 

Part No, 

■ Device,:'',, 

Package 

,'8 


□ O El El E] 

ff„ Ot 

(Figure 5) 

5082-7440 

5082-7448 

9 

"S-'Q O ODD 

O. O. O. D. u. LJ. u. O. O. 

(Figure 5) 

5082-7441 

5082-7449 


5.08mm (200 mil) centers. The plastic lens magnifies the 
digits and includes an integral protective bezel. 

Applications are primarily portable, hand-held calculators 
and other products requiring low power, low cost and long 
lifetime indicators which occupy a minimum of space. 
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Absolute Maximum Ratings 


Parameter 

Symbol 

Min. 

Peak Forward Current per Segment or dp (Duration < BOOfts) ; 



Average Current per Segment or ^ 

,, ... Iavo'; 


Power Dissipation per Digit 

■■ y 


Operating Temperature, Ambient 

'Ta : 

«20 

Sto r age Temperatu re 


-20 

Reverse Voltage 

Vr 


Solder Temperature at connector edge (t<3 sec.) 





NOTES: 1. Derate linearly @ 0.1 mA/°C above 60°C ambient. 2. See Mechanical section for recommended soldering techniques 

and flux removal solvents. 


Electrical/Optical Characteristics at Ta=25°C 


^AVG ® 5dO/iA 

(IpK ==^5mA 

duty cycle ~ 10%) 

Ic * &mA 


NOTES: 3. See Figure 7 for test circuit. 

4. Operation at Peak Currents of less than 3.5mA is not recommended. 


Parameter 

Symbol 

Luminous In tensity/Segment or 

'v 

Peak Wavelength 

^peak 

Forward Voltage/Segment or dp 

Vp 




1.0 1.2 1.4 1.6 1.8 2.0 


Vp - peak forward voltage - V 

Figure 1. Peak Forward Current vs. 
Peak Forward Voltage 



-60 -40 -20 0 


20 40 60 80 


Ta - AMBIENT TEMPERATURE - 

Figure 3. Relative Luminous Intensity vs. Ambient 
Temperature at Fixed Current Level 



0.1 0.2 0.3 0.5 1.0 2 3 


•avg - AVERAGE CURRENT PER SEGMENT - mA 

Figure 2. Typical Time Averaged Luminous Intensity 
per Segment vs. Average Current per Segment 



5 10 15 20 25 30 35 40 45 50 


IPEAK - peak CURRENT PER SEGMENT - mA 

Figure 4. Relative Luminous Efficiency vs. Peak 
Current per Segment 
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Electrical/optical 

The HP 5082-7440 series devices utilize a monolithic 
GaAsP chip containing 7 segments and a decimal point for 
each display digit. The segments of each digit are inter¬ 
connected, forming an 8 by N line array, where N is the 
number of characters in the display. Each chip is positioned 
under a separate element of a plastic magnifying lens, pro¬ 
ducing a magnified character height of 0.105" {2,67mm). 
Satisfactory viewing will be realized within an angle of ap¬ 
proximately ±20° from the centerline of the digit. The se¬ 
condary lens magnifier that will increase character height 
from 2.67mm (0.105") to 3.33mm (0.131") and reduce 
viewing angle in the vertical plane only from ±20° to approx¬ 
imately ±18° is available as a special product. A filter, such 
as Plexiglass 2423, Panelgraphic60 or 63, and Homallte 100- 
1600, will lower ambient reflectance and improve display 
contrast. Character encoding of the -7440 series devices is 
performed by standard 7 segment decoder driver circuits. 

The 5082-7440 series devices are tested for digit to digit 
luminous intensity matching using the circuit depicted in 
Figure 7. Component values are chosen to give an Ip of 
5mA per segment at a segment Vp of 1.55 volts. This test 
method is preferred In order to provide the best possible 
simulation of the end product drive circuit, thereby in¬ 
suring excellent digit to digit matching. If the device Is to 
be driven from Vcc potentials of less than 3.5 volts, it is 
recommended that the factory be contacted. 

Mechanical 

The 5082-7440 series devices are constructed on a standard 
printed circuit board substrate. A separately molded plastic 
lens containing 9 individual magnifying elements is attached 
to the PC board over the digits. The device may be mounted 
either by use of pins which may be soldered into the plate 


through holes at the connector edge of the board or by Inser¬ 
tion into a standard PC board connector. 

The devices may be soldered for up to 3 seconds per tab at 
a maximum solderihg temperature of 230°C. Heat should 
be applied only to the edge connector tab areas of the PC 
board. Heating other areas of the board to temperatures in 
excess of 85°C can result in permanent damage to the dis¬ 
play. It is recommended that a rosin core wire solder or a 
low temperature deactivating flux and solid core wire 
solder be used in soldering operations. 

Special Cleaning instructions 

For bulk cleaning after a hand solder operation, the follow¬ 
ing process is recommended: Wash display in clean liquid 
Freon TP-35 or Freon TE-35 solvent for a time period up 
to 2 minutes maximum. Air dry for a sufficient length of 
time to allow solvent to evaporate from beneath display 
lens. Maintain solvent temperature below 30°C (86°F). 
Methanol, isopropanol, or ethanol may be used for hand 
cleaning at room temperature. Water may be used for hand 
cleaning if it is not permitted to collect under display lens. 

Solvent vapor cleaning at elevated temperatures is not rec¬ 
ommended as such processes will damage display lens. Ke¬ 
tones, esters, aromatic and chlorinated hydrocarbon solvents 
will also damage display lens. Alcohol base active rosin flux 
mixtures should be prevented from coming in contact with 
display lens. 

These devices are constructed on a silver plated printed cir¬ 
cuit board. To prevent the formation of a tarnish (Ag 2 S) 
which could impair solderability, the boards should be stored 
in the unopened shipping packages until they are used. Fur¬ 
ther information on the storage, handling and cleaning of sil¬ 
ver-plated components is contained in Hewlett-Packard Ap¬ 
plication Bulletin No. 3. 
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TECHNICAL DATA MARCH 1980 


Features 

• 12, 14, AND 16 DIGIT CONFIGURATIONS 

• MOS COMPATIBLE 

Can be driven directly from most 
MOS circuits. 

• LOW POWER 

Exceiient readabiiity at only 250pA 
average per segment. 

• UNIFORM ALIGNMENT 
Excellent Alignment is assured by 
design. 

• MATCHED BRIGHTNESS 
Uniformity of light output from digit 
to digit on a single PC board. 





Description 


The HP 5082-7442, 7444, 7446, and 7447 are seven segment GaAsP Numeric indicators mounted in 12, 14, or 16 digit 
configurations on a P.C. board. These special parts, designed specifically for scientific and business calculators, have 
right hand decimal points and are mounted on 175 mil (4.45mm) centers in the 12 digit configurations and 150 mil 
(3.81mm) centers in the 14 and 16 digit configurations. The plastic lens magnifies the digits and includes an integral 
protective bezel. 

Applications are primarily portable, hand held calculators, digital telephone peripherals, data entry terminals and other 
products requiring low power, low cost, and long lifetime indicators which occupy a minimum of space. 


Device Selection Guide 


Digits 
Per PC 
Board 

Digit 
Height 
mm (inches) 

Configuration 

Pacicage 

-'.'Part-'- 

DEVICE 


2.54 

(.100) 

Op o a a o o o o p o o 

Lh Ll u. u. u. o. ll u. u. Li. u. u. 

Figure 4 

'r44ii 

'and'''; 

7445 

14 

2.54 

(.100) 

o o o D o □ q o o p D q p a 

LI. ID. O. ID. LI. ID. LI. LI. LI. ID. LI. ID. ID. LI. 

Figure 6 


14 

2.84 

(.112) 

Q O ID ID ID O ID ID O ID O ID O O 

ID. ID. LI. ID. ID. LI. ID. LI. ID. LI. ID. LI. ID. ID. 

Figure 6 

;)7447'' 

16 

2.92 

(-115) 

q a q a p o id id id id o o o id id id 

ID. LI. ID. LI. Ll. LI. LI. LI. LI. ID. LI. ID. LI. LI. ID. ID. 

Figure 6 

[7446: 


*5082-7447 is a 5082-7444 with a slide-in cylindrical lens to provide added magnification. 
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Maximum Ratings 




Peak Forward Current per Segment or dp (Duration 


Average Current per Segment or dp^^^ ' ' 


Pov\?er Dl^ipafion per Digit _ ^ / ^ 

Operating Temperature, Ambient / \ ‘ ^ ' ^ ^ ^ 


Storage Temperature ,* 


Reverse Voltage . < % \ ^' 


Solder Temperature at connector edge (t ^3 sec>) 


NOTES; 1. Derate linearly at 0.1 mA/°C above 60®C ambient. 

2. See Mechanical section for recommended soldering techniques and flux removal solvents. 

Electricai/Opticai Characteristics at Ta=25°C 



Part No. 

7442/7445 


7444/7447 


Parameter 


Luminous Intensity/ 
Segment or dp^^^ 
(Digit Average) 


7442/7446 I Peak Wavelength 


7444/7447 

7446 


Forward Voltage/ 
Segment or dp 


Symbol 

'.'"■'.Vi;. 

5mA Peak . : . . 

1/16 Duty Oyirfe J 


If » 5mA. 


NOTE: 3. Operation at Peak Currents of less than 3.5mA is not recommended. 



1.0 1.2 1.4 1.6 1.8 2.0 


- PEAK FORWARD VOLTAGE - V 

} 1. Peak Forward Current vs. 
Peak Forward Voltage 


Electricai/Opticai 




Ta - AMBIENT TEMPERATURE - ®C 

Figure 2. Relative Luminous Intensity vs. 
Ambient Temperature at Fixed 
Current Level. 


IPEAK - peak CURRENT PER SEGMENT - mA 

Figure 3. Relative Luminous Efficiency vs. 
Peak Current per Segment. 


The HP 5082-7442, 7444, 7445, 7446 and 7447 devices 
utilize a monolithic GaAsP chip containing 7 segments 
and a decimal point for each display digit. The segments 
of each digit are interconnected, forming an 8 by N line 
array, where N is the number of digits in the display. Each 
chip is positioned under a separate element of a plastic 
magnifying lens, producing a magnified character. 
Satisfactory viewing will be realized within an angle of 
approximately ±20° from the centerline of the digit. A 
filter, such as plexiglass 2423, Panelgraphic 60or63, and 


Homalite 100-1600, will lower the ambient reflectance and 
improve display contrast. Digit encoding of these devices 
is performed by standard 7 segment decoder driver 
circuits. 

These devices are tested for digit-to-digit luminous 
intensity matching. This test is performed with a power 
supply of 5V and component values selected to supply 
5mA IpEAK at Vf = 1.55V. If the device is to be driven from 
Vcc potentials of less than 3.5 volts, it is recommended that 
the factory be contacted. 
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Mechanical Specifications 

The 5082-7442, 7444, 7445, 7446, and 7447 devices are 
constructed on a silver plated printed circuit board 
substrate. A molded plastic lens array is attached to the PC 
board over the digits to provide magnification. 

These devices may be mounted using any one of several 
different techniques. The most straightforward is the use 
of standard PC board edge connectors. A less expensive 
approach can be implemented through the use of stamped 
or etched metal mounting clips such as those available 
from Burndy (Series LED-B) or JAV Manufacturing 
(Series 022-002). Some of these devices will also serve as 
an integral display support. A third approach would be 
the use of a row of wire stakes which would first be 
soldered to the PC mother-board and the display board 
then inserted over the wire stakes and soldered in place. 

The devices may be soldered for up to 3 seconds per tab at 
a maximum soldering temperature of 230®C. Heat should 
be applied only to the edge connector tab areas of the PC 
board. Heating other areas of the board to temperatures in 
excess of 85°C can result in permanent damage to the 
lens. It is recommended that a rosin core wire solder or a 
low temperature deactivating flux and solid core wire 
solder be used In soldering operations. A solder 
containing approximately 2% silver (Sn 62) will enhance 
solderability by preventing leaching of the plated silver off 
the PC board into the solder solution. 

Device Pin Description 

1 S08a-7442 I ; ^ 

5082-7444 
Pm 5082-7447 

No. Punotlofi 


Special Cleaning instructions 

For bulk cleaning after a hand solder operation, the 
following process is recommended. Wash display in clean 
liquid Freon TP-35 or Freon TE-36 solvent for a time 
period up to 2 minutes maximum. Air dry for a sufficient 
length of time to allow solvent to evaporate from beneath 
display lens. Maintain solvent temperature below 30®C 
(86® F). Methanol, isopropanol, or ethanol may be used for 
cleaning at room temperature. Soap and water solutions 
may be utilized for removing water-soluble fluxes from the 
contact area but must not be allowed to collect under the 
display lens. 

Solvent vapor cleaning at elevated temperatures is not 
recommended as such processes will damage display 
lens. Ketones, esters, aromatic and chlorinated hydro¬ 
carbon solvents will also damage display lens. Alcohol 
base active rosin flux mixtures should be prevented from 
coming in contact with display lens. 

These devices are constructed on a silver plated printed 
circuit board. To prevent the formation of a tarnish (Ag 2 S) 
which could impair solderability, the boards should be 
stored in the unopened shipping packages until they are 
used. Further information on the storage, handling and 
cleaning of silver-plated components Is contained In 
Hewlett-Packard Application Bulletin No. 3. 


5082-7445 

FiiHOtlofi 


Cathode-Digit 1 
Cathode-Digit 2 
Cathode-Digit 3 
Anode-Segment c 
Cathode-Digit 4 
AnoderDP 
Cathode-Digit 5 
Anode-Segment a 
Cathode-Digit 6 
Anode-Segment e 
Cathode-Digit 7 
Anode-Segment d 
Cathode-Digit 8 
Anode-Segment g 
Cathode-Digit 9 
Anode-Seg ment b 
Cathode-Digit 10 
Anode-Segment f 
Cathode-Digit 11 
Cathode-Digit 12 
Cathode-Digit 13 
Cathode-Digit 14; 


Anode-Segment a 
Anode-SegmWt f > 
Anode^Segment b 
Anode-Segment^c" 
Anode-^Segment d 
Anode-Segment DP 
Anode-Segment e 
Anode-Segment g 
Cathode-Digits , 
Cathode-Digit 2 
Cathode-D^it 4 
Cathode-Digit 1 
Cathode-Digit 5 
Cathode-Digit 12 ^ 
Cathode-Digit 6 
Cathode-Digit 11 ' ^ 
Cathode-Digit 7 
Cathode-Digit 10 
Cathode-Digit 9 
Cathode-Digit 8 


$8^-7448 

Funotlon 


Cathode-Digit 1 , 

Oathode-DigH 2 
Cathod^Digrt 3 / " 
Cathode^Diglt 4, / 
Cathodd-Digit S 

Cathode-Digit 6., / 

Cathode-Digit 7 
Anode-Segment a \ 
CathoderDiglt 8 
Andde^Segment DP 
Cathode-Di^t 9 
Anode-Segment c \ 
Cathode-Digif'10 

Cathode-Digit ii 

fee 

.Anode-Segment f 
Cathode-Digit 13 
Cathode-Digit 14 
Cathode-Digit 16 
Cathode-Digit 16 
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Package Dimensions 


[-4.5 (.175) (11 PLCS EQL SP. 

NON-ACCUM. TOLERANCES) 


1.58±.254 _ 
(.062±.010) 


1.1 ± .13 
(.160 ± .005) 


Ofvicf 

'X ■' 

'.'V' ; 

, ; c ' 

’ 6092-744Z' ' 

m.3 

(2,3m 

' i03, 
t2375) 

(.040) 


- 59 . 6 / 

' (2.$45) 

iM 

' UZ ' 




+++f+ 




123456789 
♦I 2.5 (.100) 

(19 PLCS NON-ACCUM. 
J TOLERANCES) 


10 11 12 13 14 15 16 17 18 19 20 \ 


12.7 ± .13 I 
(.50 ± .005) ' 


DIAMETER 
THROUGH 
20 PLACES 
±.13 (.005) 


PROTECTIVE 

BEZEL 


-60.3 (2.375)- 
-56.8 (2.235)- 


. 3.8 (.150) (13 PLCS EQL SPC. 

NON-ACCUM. TOLERANCES) 


. ..j. 4-4.. X 4 ,4 _|„,4 ,J:: 44 .^ f 4 4 ..L. 4 J. 4: 4 .4 4 




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

♦I k-2.5 (.100) (21 PLCS NON-ACCUM. 


1.58 ± .25 _ 
(.062 ± .010) 


4.1 ± .13 _ 
(.160 ± .005) 


(.280) I 
|r 13.3 ± .13 
(.525 ± .005) 


1.02 ± .13 
(.040 ± .005) 


4.72 ± .13 
(.186 ± .005) 



18.29 ± 0.38 
(.720 ± .015) 


69.85 ± 0.38 
(2.750 ± .015)” 

_ 68.07 ± 0.25 _ 

(2.680 ± .010) 

- 3.81 (.150) 15 SPACES 
TOL. NON ACCUMULATIVE 


„4X4.4,4-.44J 




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

J 2.54 (.100) 23 SPACES 

TOL. NON ACCUMULATIVE 


n 

a 




13.34+ 0.38 
(.525+ .015) 


1.02 (.040) DIA 
PLATED THRU 
24 HOLES 


6.30 ± 0.38 
(.248 ± .015) 


1.58 ± .25 
(.062 ± .010) 


_4.72 ± 0.38 
(.1861 .015) 


NOTES: 1. ALL DIMENSIONS IN MILLIMETRES AND 
(INCHES). 

2. TOLERANCESON ALL DIMENSIONS ARE 
±0.38 (.015) UNLESS OTHERWISE 
SPECIFIED. 
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Features 


• MOS COMPATIBLE 

Can be driven directly from MOS circuits. 

• LOW POWER 

Excellent readability at only 250 mA 
average per segment. 

• UNIFORM ALIGNMENT 

Excellent alignment is assured by design. 

• MATCHED BRIGHTNESS 

Uniformity of light output from digit to 
digit on a single PC Board. 

• STATE OF THE ART LENS DESIGN 

Assures the best possible character 
height, viewing angle, off-axis 
distortion tradeoff. 





IKi 

glSSrSlPP 

iK. Ar- 


Description 


The HP 5082-7240 series displays are 2.59mm (.102”) 
high, seven segment GaAsP Numeric Indicators mounted 
in an eight or nine digit configuration on a P. C. Board. 
These special parts, designed specifically for calculators, 
have right hand decimal points and are mounted on 
5.08mm (200 mil) centers. The plastic lens over the digits 
has a magnifier and a protective bezel built-in. A 


secondary magnifying lens, available on special request, 
can be added to the primary lens for additional character 
enlargement. 

Applications are primarily portable, hand-held calculators 
and other products requiring low power, low cost and long 
lifetime Indicators which occupy a minimum of space. 


Device Selection Guide 


Digits 

Configuration 


Per 

PC Board 

Device. ' 

Package 


8 

o o a o 

O. O. u, 

(Figures) 

5082-7240 

9 

_ _ p n o o O 
Li. o. o. n. 

(Figures) 

5082-7241 
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Absolute Maximum Ratings 


Paramater 

Symbol 

Urn. 

Peak Forward Current per Segmeht of dp (Duration <5O0M$) 

Average Current per Segment or dp^W 

Power Dissipation per Digit 

Operating Temperatufe, Ambient 

Storage Temperature 

Reverse Voltage 

Solder T emperature at connector edge (t<3 seed ^ 

'¥iAK ,' 

■y,;/ \ 

Pd 

Ta 

Ts 

Vr 

-20 

-20 



NOTES: 1. Derate linearly @ 0.1 mA/°C above 60° C ambient. 


2. See Mechanical section for recommended soldering techniques 
and flux removal solvents. 


Electrical/Optical Characteristics at Ta=25°C 


Parameter _ 

Luminous Intensity/Segment or 


Peak Wavelength 

Forward Voitage/Segment or dp 


NOTES: 3. See Figure 7 for test circuit. 

4. Operation at Peak Currents of less than 3.0mA is not recommended. 



Test Condition 

^AVG “ SOOpA 
5mA 

duty cycle = 10%) 
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1.0 1.2 1.4 1.6 1.8 2.0 


Vf - PEAK FORWARD VOLTAGE - V 

Figure 1. Peak Forward Current vs. 
Peak Forward Voltage 



-60 -40 -20 0 20 40 60 80 


Jfi, - AMBIENT TEMPERATURE - °C 

Figure 3. Relative Luminous Intensity vs. Ambient 
Temperature at Fixed Current Level 


_ DUTY FACTOR" 10% 
DUTY FACTOR " 5% 

- DUTY FACTOR « 2% 



- AVERAGE CURRENT PER SEGMENT - mA 


Figure 2. Typical Time Averaged Luminous Intensity 
per Segment vs. Average Current per Segment 



0 5 10 15 20 25 30 35 40 45 50 

IpgAK - peak CURRENT PER SEGMENT - mA 

Figure 4. Relative Luminous Efficiency vs. Peak 
Current per Segment 
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5082-7240 

Function 

S^. c Anode 
pig. 2 Cathode 
d.prAnode 
Dig. 3 Cathode 
Seg. a Anode 
Dig. 4 Cathode 
Seg. e Anode 
Dig. 5 Cathode 


5082-7241 

/v:-v;Ftifictlon 

Dig. t Cathode 
$eg. c Anode 
Dig. 2 Cathode 
d.p. Anode 
Dig. 3 CathcKie 
Sag. a Anode 
Dig. 4 Cathode 
Sag. e Anode 
Dig. 5 Cathode 


5082-7240 
FufiOlfori ; ; 

Seg. d Anode 
Dig. 6 Cathode 
Seg. g Anode 
Dig. 7 Cathode 
Seg. b Anode 
big. 8 Cathode 
Seg. f Anode 
Dig. 9 Cathode 


FuiiMiofi 


Sag.' d Anode 
Dig, 6 Cathode 
Seg. g Anode 
Dig. 7 Cathode 
Seg. b Anode 
Dig. 8 Cathode 
Seg. f Anode r 
Dig. 9 Cathode 


NOTE 4: Leave pin 1 unconnected on the 5082-7240. 





















Electrical/Optical 

The HP 5082-7240 series devices utilize a monolithic 
GaAsP chip containing 7 segments and a decimal point for 
each display digit. The segments of each digit are inter¬ 
connected, forming an 8 by N line array, where N is the 
number of characters in the display. Each chip is positioned 
under a separate element of a plastic magnifying lens, pro¬ 
ducing a magnified character height of 2.59mm (0.102"). 
Satisfactory viewing will be realized within an angle of ap¬ 
proximately ±20° from the centerline of the digit. A second¬ 
ary lens magnifier that will increase character height from 
2.59mm (.102") to 3.56mm (.140") is available as a special 
product. Character encoding of the 7240 series devices is per¬ 
formed by standard 7 segment decoder driver circuits. 

The 5082-7240 series devices are tested for digit to digit 
luminous intensity matching using the circuit depicted in 
Figure 7. Component values are chosen to give an Ip of 
5mA per segment at a segment Vp of 1.6 volts. This test 
method is preferred in order to provide the best possible 
simulation of the end product drive circuit, thereby in¬ 
suring excellent digit to digit matching. If the device is to 
be driven from Vcc potentials of less than 3.5 volts. It is 
recommended that the factory be contacted. 

Mechanical 

The 5082-7240 series devices are constructed on a standard 
printed circuit board substrate. A separately molded plastic 
lens bar containing 9 individual magnifying elements is at¬ 
tached to the PC board over the digits. The device may be 



mounted either by use of pins which may be soldered into 
the plate through holes at the connector edge of the board 
or by insertion Into a standard PC board connector. 

The devices may be soldered for up to 3 seconds per tab at 
a maximum soldering temperature of 230°C. Heat should 
be applied only to the edge connector tab areas of the PC 
board. Heating other areas of the board to temperatures in 
excess of 85°C can result in permanent damage to the dis¬ 
play. It is recommended that a rosin core wire solder or a 
low temperature deactivating flux and solid core wire 
solder be used in soldering operations. 

Special Cleaning instructions 

For buik cleaning after a hand solder operation, the follow¬ 
ing process is recommended: Wash display In clean liquid 
Freon TP-35 or Freon TE-35 solvent for a time period up 
to 2 minutes maximum. Air dry for a sufficient length of 
time to allow solvent to evaporate from beneath display 
lens. Maintain solvent temperature below 30°C (86°F). 
Methanol, isopropanol, or ethanol may be used for hand 
cleaning at room temperature. Water may be used for hand 
cleaning if it is not permitted to collect under display lens. 

Solvent vapor cleaning at elevated temperatures is not rec¬ 
ommended as such processes will damage display lens. Ke¬ 
tones, esters, aromatic and chlorinated hydrocarbon solvents 
will also damage display lens. Alcohol base active rosin flux 
mixtures should be prevented from coming in contact with 
display lens. 
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PACKARD 


LARGE MONOLiTHC 
NUMERIC INDIC 



5082-7265 
5082-7275 
50 
50 


TECHNICAL DATA MARCH 1980 


Features 

• LARGE 4.45mm (.175”) CHARACTER HEIGHT 

• LOW POWER 

Satisfactory Readability can be Achieved with 
Drive Currents as Low as 1.0-1.5mA Average 
per Segment Depending on Peak Current 
Levels 

• MOS COMPATIBLE 

Can be Driven Directly from MOS Circuits 

• COMPACT INFORMATION DISPLAY 
5.84mm (.23”) Digit Spacing Yields Over 4 

Characters per Inch. 

• HIGH AMBIENT READABILITY 
High Sterance Emitting Areas Mean 

Excellent Readability in High Ambient 
Light Conditions 

• HIGH LEGIBILITY AND 
NUMBER RECOGNITION 

High On/Off Contrast and Fine Line Segments 
Improve Viewer Recognition of the 
Displayed Number 

• UNIFORM ALIGNMENT 

Excellent Alignment is Assured by Design 

• MATCHED BRIGHTNESS 

Provides Uniform Light Output from Digit 
to Digit on a Single PC Board 

• EASY MOUNTING 

Flexible Mounting in Desired Position 
with Edge Connectors or Soldered Wires 



Description 

The HP 5082-7265, 7275, 7285, and 7295 displays are 4.45 
mm (.175”) seven segment GaAsP numeric indicators 
mounted in 5 or 15 digit configurations on a PC Board. 
The monolithic light emitting diode character is magnified 
by the integral lens which increases both character size 
and luminous intensity, thereby making low power 
consumption possible. Options include both a right hand 
decimal point and centered decimal version for improved 
legibility. The digits are mounted on 5.84 mm (230 mi!) 
centers. 

These displays are attractive for applications such as 
digital instruments, desk top calculators, avionics and 
automobile displays, P.O.S. terminals. In-plant control 
equipment, and other products requiring low power, 
display compactness, readability In high ambients, or 
highly legible, long lifetime numerical displays. 
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Absolute Maximum Ratings 




Peak Curr^ntper SegRicrnt c>r OP 

.(Duration'OS msJ,' V','*.”' 


Average Current per Segment or DP 


Power DIeelpatron per Digit w 


Operating Temperature, AmPiefit 


'StorageTemperature '' t$ , . 

. . .. . .. . . . .. . ... " "r . . . . . .. . . .. .. 

Peveree Voilage': ' Vr ^ 'iLii 

Softer Temperature at connector edge „ " 

NOTES: 1. Derate linearly at 0.12 mA/°C above 25° C ambient. 

2. Derate linearly at 2.3 mW/^C above 25° C ambient. 

3. See Mechanical section for recommended soldering techniques and flux removal solvents. 

Electrical/Optical Characteristics at Ta=25°C 


Parameter 

Symbol 

Test Condttfofi 




Luminous Intensity/Segment or dp 
(Time Averaged) 16 digit display 
5082-7275, 6082-7296 

1v 

lavg. ^ '2 mA“,.' ' 

(30 mA Peak 

1/15 duty cycle) 



i»cd 

Luminous Intensity/Segment or dp 

h 

■ lavg. ,‘*®';2 mAi ' 



/liCd 


(Time Averaged) 5 digit display (10 mA Peak ' \ , ^ r ; I ' 

5082-7266, 6082-7285 1/S duty cycle) . . ‘ ‘ 

Forward Voltage per Segment or dp W " ip , V- 

5082-7276, 5062-7296 15 digit display _^_ ^ - _•_ 

Forward Voltage per Segment or dp Vs %«10 mA . 1.S5 2,0 V 

5082-7266.5082-7285 5 digit display ^ ^ - 

Peak Wavelength Xpear - '/ 

Dominant Wavelength X<} / . . - . . ''>•' .. .<< nm 

Reverse Current per Segment or dp Ir Vr « 6V ^ ^ , tOO mA 

Temperature Coefficient of Forward AVf/°C 

Voltage 

NOTES: 4. The luminous intensity at a specific ambient temperature, Iv(Ta), may be calculated from this relationship: 

Iv(Ta) = Iv(25'C)(.985)''^*-“°'^' 

5. The dominant wavelength A.d, is derived from the C.I.E. Chromaticity Diagram and represents the single wavelength which 
defines the color of the device. 

6. Operation at peak currents of less than 6.0 mA is not recommended. 



1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 


Vp - PEAK FORWARD VOLTAGE - V 


OUtYrEACyOR « mv 


^ S 40 




«AV0 - average current per segment - mA 


Figure 1. Peak Forward Current vs. 
Peak Forward Voltage. 


Figure 2. Typical Time Averaged Luminous Intensity 

per Segment vs. Average Current per Segment. 
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Figure 3. Relative Luminous Intensity vs. Ambient 
Temperature at Fixed Current Level. 


Figure 4. Relative Luminous Efficiency vs. Peak 
Current per Segment. 


Electrical 

The HP 5082-7265, 7275, 7285, and 7295 devices utilize a 
seven segment monolithic GaAsP chip. The 5082-7285 
and 7295 devices use a separate decimal point chip 
located to the right of each digit. The 5082-7265 and 7275 
devices use a centered decimal point on the monolithic 
seven segment chip. The centered decimal point version 
improves the displays readability by dedicating an entire 
digit position to distinguishing the decimal point. In the 
driving scheme for the centered decimal point version the 
decimal point is treated as a separate character with Its 
own time frame. 

The segments and decimal points of each digit are 
Interconnected, forming an 8 by N line array, where N Is 
the number of characters in the display. Character 
encoding is performed by standard 7 segment decoder 
driver circuits. A detailed discussion of display circuits 
and drive techniques appears in Applications Note 937. 

These devices are tested for digit to digit luminous 
intensity using the circuit depicted in Figure 8. 
Component values are chosen to give a Peak If of 10 mA 
per segment for the 5 digit displays and 30 mA per 
segment for the 15 digit displays. This test method is 
preferred in order to provide the best possible simulation 
of the end product drive circuit, thereby ensuring 
excellent digit to digit matching. If the device is to be 
driven at peak currents of less than 6.0 mA, it Is 
recommended that the HP field salesman or factory be 
contacted. 

For special product applications, the number of digits per 
display can be altered. It is also possible to provide a colon 
instead of the centered decimal point. Contact the HP field 
salesman or factory to discuss such special modifications. 


Optical 

Each chip is positioned under a separate element of a 
plastic magnifying lens, producing a magnified character 
height of 4.45mm (.175”). To increase vertical viewing 
angle the secondary cylindrical magnifier can be removed 
reducing character height to 3.86mm (.152”). Afilter, such 
as Panelgraphic 60 or 63, or Homajite 100-1600, will lower 
ambient reflectance and improve display contrast. 


Mechanical 

These devices are constructed on a standard printed 
circuit board substrate. A separately molded plastic lens is 
attached to the PC board over the digits. The lens Is an 
acrylic styrene material that gives good optical lens 
performance, but is subject to scratching so care should 
be exercised in handling. 

The device may be mounted either by use of pins which 
may be hand soldered into the plated through holes at the 
connector edge of the PC board or by Insertion into a 
standard PC board connector. The devices may be 
hand soldered for up to 3 seconds per tab at a maximum 
soldering temperature of 230°C. Heat should be applied 
only to the edge connector tab areas of the PC board. 
Heating other areas of the board to temperatures in excess 
of 85° C can result in permanent damage to the display. It 
is recommended that a rosin core wire solder or a low 
temperature deactivating flux and solid wire solder be 
used in soldering operations. 

The PC board is silver plated. To prevent the formation of a 
tarnish (Ag 2 S) which could impair solderability the 
displays should be stored in the unopened shipping 
packages until they are used. Further information on the 
storage, handling, and cleaning of silver plated compo¬ 
nents Is contained in Hewlett-Packard Application Bul¬ 
letin No. 3. 


+5 VOLTS 



Figure 5. Circuit Diagram used for Testing the Luminous Intensity. 
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Package Dimensions 


ALL DIMENSIONS IN MILLIMETERS AND (INCHES). 


TOLERANCES ARE ±0.203 (±.008) UNLESS OTHERWISE NOTED 




Magnified Character 
Font Description 

DEVICES DEVICES 

5082-7265 5082-7285 

5082-7275 5082-7295 



ALL DIMENSIONS IN MILLIMETERS AND (INCHES). 


NOTE 1. Bonding Option for Colon Instead of Decimal Point. 
See Electrical Section. 

Figures. 


Device Pin Description 


Pin 

No, 

5082*7265 

5002*7285 

Function 

5082-7275 

5082-7205 

Function 

'"l 

Anode Segment b 

Cathode Digit 1 

2 

Anode Segment g 

Cathode Digit 2 


, Anode Segment e 

Cathode Digit 3 

4 ■ 

Cathode Digit 1 

Cathode Digit 4 

' 5'.'- 

, Cathode Digit 2 

Anode Segment dp 

- ..6 ' 

Cathode Digit 3 

Cathode Digit 5 

>' 7 ' 

Cathode Digit 4 

Anode Segment c 

■ e ■ 

Cathode Digit 5 

Cathode Digit 6 

9 

Cathode Digit 6 

Anode Segment e 

10 

Cathode Digit 7 

Cathode Digit 7 

11 

Anode Segment dp 

Anode Segment a 

• 12-; 

. Anode Segment d 

Cathode Digit 8 

13 

Anode Segment c 

Anode Segment g 

' 14 

Anode Segment a 

Cathode Digit 9 

. 16^ ' 

Anode Segment f 

Anode Segment d 

16 


Cathode Digit 10 

■'•17'. 


Anode Segment f 

18 • 


Cathode Digit 11 

19 


Anode Segment b 

20 


Cathode Digit 12 

; 21. ' 


Cathode Digit 13 

' 22 


Cathode Digit 14 

. '23, ' 


Cathode Digit 15 



231 


SOLID STATE 
DISPLAYS 







Features 

• NUMERIC 5082-7300A7302 • HEXADECIMAL 5082-7340 

0-9, Test State, Minus 0-9, A-F, Base 16 

Sign, Blank States Operation 

Decimal Point Blanking Control, 

7300 Right Hand D.P. Conserves Power 

7302 Left Hand D.P. No Decimai Point 

• DTL/TTL COMPATIBLE 

• INCLUDES DECODER/DRIVER WITH 5 BIT MEMORY 

8421 Positive Logic Input 

• 4x7 DOT MATRIX ARRAY 

Shaped Character, Excellent Readibiiity 

• STANDARD .600 INCH x .400 INCH DUAL-IN-LINE 
PACKAGE INCLUDING CONTRAST FILTER 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit within a Single Category 


Description 

The HP 5082-7300 series solid state numeric and hexa¬ 
decimal Indicators with on-board decoder/driver and mem¬ 
ory provide a reliable, low-cost method for displaying 
digital information. 

The 5082-7300 numeric Indicator decodes positive 8421 
BCD logic inputs into characters 0-9, a sign, a test 
pattern, and four blanks in the invalid BCD states. The 
unit employs a right-hand decimal point. Typical applica¬ 
tions include point-of-sale terminals, instrumentation, and 
computer systems. 



The 5082-7302 is the same as the 5082-7300, except that 
the decimal point is located on the left-hand side of the 
digit. 

The 5082-7340 hexadecimal indicator decodes positive 8421 
logic Inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an Input is provided for blanking the display 
(all LED's off), without losing the contents of the memory. 
Applications include terminals and computer systems using 
the base-16 character set. 

The 5082-7304 is a (±1.) overrange character, including dec¬ 
imal point, used in instrumentation applications. 


Package Dimensions 


7300 7302 7340 




FUNCTION 1 

5082-7300 
and 7302 
Numeric 

5082-7340 

HexiKlacimal 

N 

Input 2 

, Input a 

wm 

Input 4 

Input 4 


Input 8 

Inputs 

4 

Oacimai 

point 

eianking 

contrdi 

■ 

Latch 

enable 

Latch 

enable 

tm 

Ground 

Ground 

m 

^cc : 

..'. 

mm 


Input 1 


NOTES: 

1. Dimensions in millimetres and (inches). 

2. Unless otherwise specified, the tolerance 
on all dimensions is ±.38mm (±.015") 

3. Digit center line is ±.25mm (±.01") 
from package center line. 
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Absolute Maximum Ratings 


D«icri|>fN>li 

Symbol 

Storage t«mp«ratur 0 » ambient 

Ts 

Operating temperature, case^*"^^ 

Tc 

Supply voltage^^^ - 

Vcc 

Voltage applied to input logic, dp and enable pfha 

Vi,Vi>p,Vb 

Voltage applied to blanking input 

V» 

Maximum solder temperature at ISdmm (062 Inch) 
below seating plane: t < 5 seconds 

Recommended Operating Conditions 

Description 

Symbol 

Supply Voltage 

Vcc 

Operating temperature, case 

Tc 

Enable Pulse Width 

tw 

Time data must be held before positive transition 
of enable line 

tsETUP 

Time data must be held after positive transitldn 
of enable line 

tHOLD 

Enable pulse rise time 

tlLH 




Electrical/Optical Characteristics (Tc = -20® C to +85®C, unless otherwise specified). 


Description 


Supply Current 


Power dissipation 


Luminous intensity per LED 
(Digit average) 


Logic low-ievel input voltage 


Logic high-ievei input voltage 


Enable low-voltage; data being 
entered 


Enable high-voltage; data not 
being entered 

Blanking low-voitage; display 
not blanked _ 

Blanking high-voltage; display 
blanked 


Blanking low-level input current 
Blanking high-level input current 
Logic low-level input current 


Logic high-level input current 


Enable low-level input current 


Enable high-level Input current 


Peak wavelength 


Dominant Wavelength 


Weight 


Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: 0ja=5O®C/W; 
©jc=15®CA/V: 2. 0CA of a mounted display should not exceed 35® C/W for operation up to Tc = +85® C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, Tc=25®C. 5. These, displays are categorized for luminous intensity with the in¬ 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific case temperature, Iv(Tc) may be calculated from this relationship: lv(Tc)=lv {25®C) (Tc-25“C)] 

7. Applies only to 7340. 8. The dominant wavelength, \d, is derived from the CIE chromaticity diagram and represents the single wave¬ 
length which defines the color of the device. 


Symbol 

Conditions 

Icc 

Vcc^S.SV (Numeral 

Pt 

5 and dp lighted) 

iv 

Vcc*S;0V, Tc*25®C 

mm 


ViH 


Vel 

Vcc=4,6V 

Veh 


Vbl 


Vbh 


l»L 

Vcc®5.5V, Vbl=0.8V 

Ibh 

Vcc=5.5V. Vbh=4.5V 

Itc 

Vcc=5.5V, Vil=0.4V 

IlH 

Vcc=5.5V, Vm==2.4V 

mm 

Vcc^5.5V, Vel^ 0.4V 
Vcc*5.5V, Veh=2,4V 

Xpeak 

Tc*25®C 

Xd 

Tc=25®C 
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Figure 1. Timing Diagram of 5082>7300 
Series Logic. 


Pin. 

No. A 
Vgg 7—J 



Figure 2. Block Diagram of 5082-7300 
Series Logic. 



Figure 3. Typical Blanking Control 
Current vs. Voltage for 
5082-7340. 
























• : i 





V ^ 1 :.r.. 


Tc - CASE TEMPERATURE - °C 

Figure 4. Typical Blanking Control 
Input Current vs. 
Temperature 5082-7340. 


Vj - LATCH ENABLE VOLTAGE - V 

Figure 5. Typical Latch Enable Input 
Current vs. Voltage for the 
5082-7300 Series Devices. 
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Figures. Typical Logic and Decimal 
Point input Current vs. 
Voltage for the 5082-7300 
Series Devices. Decimal 
Point Applies to 5082-7300 
and -7302 Only. 


Notes: 

1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. input have no effect upon 
display memory, displayed character, or D.P. 

2. The decimal point Input, DP, pertains only to the 5082-7300 and 
5082-7302 displays. 

3. The blanking control input, B, pertains only to the 5082-7340 
hexadecimal display. Blanking input has no effect upon display 
memory. 
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Solid State Over Range Character 


For display applications requiring a±, 1, or decimal point designation, the 5082-7304 over range character is available. This 
display module comes in the same package as the 5082-7300 series numeric indicator and is completely compatible with it. 


Package Dimensions 


FRONT VIEW 


REAR VIEW 



T 14.0 10.2 I 

T ‘-r 


, ? LUMINOUS * ’> 

- INTENSITY I 
.CATEGORY 1B.2 

(.600) 


DATE CODE 


"d .i'Lt' 

“n (.17) r" 


0.3 ±0.08 TYP. 

(.012 ±.003) 1.3 TYP. 
7 (.060) 


NOTES: 1. Dimensions in inches and (millimeters). 

2. Unless otherwise specified, the tolerance 

on all dimensions is+.015 inches. (± .38mm) 5082—7304 


-jiLi _JL_-5±0.08TYP. 
^ 1 (.020 ±.003) 

L 2.5 ±0.13 TYP. 

^ (.10 ±.005) 




TRUTH TABLE FOR 5082-7304 



NOTES: L: Line switching transistor in Fig. 7 cutoff. 

H: Line switching transistor in Fig. 7 saturated. 
X: 'don't care' 

Absolute Maximum Ratings 






, Stotrege tem{3fer|i%ire.r .eh^ient 


Operating mm 


ixn/mr^ -d 


+iocr f 



RECOMMENDED OPERATING CONDITIONS 


$YMBOL 


gj2[22IESE2Bi 





NOTE: 

LED current must be externatiy limited. Refer to figure 7 
for recommended resistor values. 





Electrical /optical Characteristics (T(. = -20°C TO +85°C, UNLESS OTHERWISE SPECIFIED) 
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HEWLETT 

PACKARD 


NUMERIC AND 

5ffl2-7356 

HEXADECIMAL DISPLAYS 

5082 73B7 

FOR INDUSTRIAL 

5082-7358 

APPLICATIONS 

5082-3359 > 


TECHNICAL DATA MARCH 1980 


Features 




• CERAMIC/GLASS PACKAGE 

• ADDED RELIABILITY 

• NUMERIC 5082-7356/-7357 

0-9, Test State, Minus Sign, Blank States 
Decimal Point 

7356 Right Hand D.P. 

7357 Left Hand D.P. 

• HEXADECIMAL 5082-7359 

0-9, A-F, Base 16 Operation 
Blanking Control, Conserves Power 
No Decimal Point 

• TTL COMPATIBLE 

• INCLUDES DECODER/DRIVER WITH 5 BIT 
MEMORY 

8421 Positive Logic Input and Decimal Point 

• 4 X 7 DOT MATRIX ARRAY 

Shaped Character, Excellent Readability 

• STANDARD DUAL-IN-LINE PACKAGE 

15.2mm x 10.2mm (.6 inch x .4 inch) 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from Unit to 
Unit within a Single Category 


Description 


The HP 5082-7350 series solid state numeric and 
hexadecimal indicators with on-board decoder/driver and 
memory provide 7.4mm (0.29 Inch) displays for use in 
adverse industrial environments. 

The 5082-7356 numeric indicator decodes positive 8421 
BCD logic Inputs Into characters 0-9, a “ sign, a test 

Package Dimensions 

K'rXM 7356 7357 

In nlr-j n '_ I i—ilr—i r-i I 




REAR VIEW 


10.2 I $082 

(.400) I 735X 



0.3 ±0.08 TYP. 
(.012 ±.003) 








0m 




pattern, and four blanks in the Invalid BCD states. The unit 
employs a right-hand decimal point. Typical applications 
include control systems, instrumentation, communica¬ 
tion systems and transportation equipment. 

The 5082-7357 is the same as the 5082-7356 except that 
the decimal point is located on the left-hand side of the 
digit. 

The 5082-7359 hexadecimal indicator decodes positive 
8421 logic inputs into 16 states, 0-9 and A-F. In place of the 
decimal point an input is provided for blanking the display 
(all LED’s off), without losing the contents of the memory. 
Applications include terminals and computer systems 
using the base-16 character set. 

The 5082-7358 is a “±1.” overrange display, including a 
right hand decimal point. 


t 10.2 MAX. . I 
(.400) 



FUNCTiON 

5082 7^6 5082-7359 

AND7357 HEXA- 

NUMERiC OECtMAt 

Input 2 T Input 2 


L_4- 

r (.ia 




I Input 1 j Dnp ut i 


NOTES: 

1. Dimensions in millimetres and (inches). 

2. Unless otherwise specified, the tolerance 
on all dimensions is ±.38mm (±.015") 

3. Digit center line is ±.25mro (±.01") 
from package center line. 


0.5 ±0.08 TYP. 
I (.020 ±.003) 
±.13 TYP. 

0 ±.005) 
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Absolute Maximum Ratings 



Maximum solder tempetsEtwreit 
below 


Recommended Operating conditions 


Description;^ A A) ^ 


Supply Voltage 



Time data must be Held 
of enable line ^ ^ ’ 


Time data must be field after i>c^tflve trar^ion , 

of enable line 


Enable pulse rise time V ^ \ ! / 


Electricai/Optical Characteristics a. 


Description > 


Supply Current 


Power dissi patiOfi 


Luminous intensity per LEO 
(Digit average) - 


Logic low-level Input voltage 


Logic high-level input voltage \ 


Enable low-voltage; data being 
entered 


Enable high-voltaga; d^a n#, 
being entered 


Blanking low-volii^; 
not blanked - ' I 


Blanking tow-leveLrnpi^ current 


Blanking high-level input current 


Logic low-level input current 


Logic high-level input current 


Enable tow-level input current 


Enable high-level Input current 


Peak wavelength 


Dominant Wavelength 


Weight 


Symbol 


Icc 


= 0°C to +70°C, unless otherwise specified). 


Win. 






IlL 


- Hb '■ r J/ -',V'cc*%SVrVtH»^>4V': 


A leti A ' 


Ibm > yirc=«S.SV, Vg«*24V 


• X'pEAlt' ' I- Ta— 






Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: 0 ja= 5O®C/W: 
0jc=15®C/W: 2. 0CA of a mounted display should not exceed 35° C/W for operation uptoTA=+100°C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, Ta= 25°C. 5. These displays are categorized for luminous intensity with the in¬ 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, Iv(Ta), may be calculated from this relationship: Iv(Ta)=Iv( 25 ®c) ( 985) [Ta-25°C] 

7. Applies only to 7359. 8. The dominant wavelength, Xd, is derived from the CIE chromaticity diagram and represents the single wave¬ 
length which defines the color of the device. 
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DATA INPUT 
(LOW LEVEL DATA) 


DATA INPUT 
(HIGH LEVEL DATA)V 


Figure 1. Timing Diagram of 5082-7350 
Series Logic. 



Figure 2. Biock Diagram of 5082-7350 
Series Logic. 


truth table 1 

X, 


5082-736B 

- '.L 

: '!J ' - ' 

' 0 



1 

' L ' ' 

' 'S 

' S' ' 


' 3 


: 

- U" 

'H- ■ 

H 

: x; - ■ 



■ ' 

"'-6 



.... 

' L", 



V'rt’. 



,, L ; 


H 


(BLANK) 

'P: 


(BLANK) 

r ' 

' H' 



■"'L,' 

(BLANK) 

, L? 

- 

; (BLANK) 


, ON 


Vop*L 

1 Off n 

load DATA 

y^-L 

LATCH DATA 

Vg 

OlSPLAy-ON 

Vb . 

D(a»LAY^OFF 

Vg - ,H 


DECIMAl 

BLANKINO^^J ' 


Notes: 

1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. Input have no effect upon 
display memory, displayed character, or D.P. 

2. The decimal point input, DP, pertains only to the 5082-7356 and 
5082-7357 displays. 

3. The blanking control input, B, pertains only to the 5082-7359 
hexadecimal display. Blanking input has no effect upon display 
memory. 




L™ 











^cc ' 
Tc = 

s.ov 

2r( 





Z 








7 

/ 








7 

r 

1 






7 

L_ 









Vg - BLANKING VOLTAGE - V 


- AMBIENT TEMPERATURE - 


Vp - LATCH ENABLE VOLTAGE - V 


Figure 3. Typicai Bianking Controi 

Current vs. Voitage for 5082- 
7359. 


Figure 4. Typicai Bianking Controi 
input Current vs. Ambient 
Temperature for 5082-7359. 


Figure 5. Typical Latch Enable Input 
Current vs. Voltage. 
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Ta - AMBIENT TEMPERATURE - “C 



-65 -40 -20 0 20 40 60 80 100 

T^ - AMBIENT TEMPERATURE - “C 


Figure 6. Typical Logic and Decimal 
Point Input Current vs. 
Voltage. 


Figure 7. Typical Logic and Enable 
Low Input Current vs. 
Ambient Temperature. 


Figure 8. Typical Logic and Enable 
High Input Current vs. 
Ambient Temperature. 


Operational Considerations 

ELECTRICAL 

The 5082-7350 series devices use a modified 4x7 dot 
matrix of light emitting diodes (LED’s) to display 
decimal/hexadecimal numeric information. The LED’s are 
driven by constant current drivers. BCD information is 
accepted by the display memory when the enable line is at 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous information, 
the enable pulse rise time should not exceed 200 
nanoseconds. Using the enable pulse width and data 
setup and hold times listed in the Recommended 
Operating Conditions allows data to be clocked into an 
array of displays at a 6.7MHz rate. 

The blanking control input on the 5082-7395 display 
blanks (turns off) the displayed hexadecimal information 
without disturbing the contents of display memory. The 
display is blanked at a minimum threshold level of 3.5 
volts. This may be easily achieved by using an open 
collector TTL gate and a pull-up resistor. For example, 
(1/6) 7416 hexinverter buffer/driveranda120ohm pull-up 
resistor will provide sufficient drive to blank eight 
displays. The size of the blanking pull-up resistor may be 
calculated from the following formula, where N is the 
number of digits: 

Rblank (Vcc - 3.5V)/[N (1.0mA)] 

The decimal point input is active low true and this data Is 
latched Into the display memory in the same fashion as is 
the BCD data. The decimal point LED is driven by the on¬ 
board 1C. 


MECHANICAL 

These hermetic displays are designed for use In adverse 
industrial environments. 

These displays may be mounted by soldering directly to a 
printed circuit board or inserted into a socket. The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100 Inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 

The primary thermal path for power dissipation Is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100°C, it is important to 
maintain a case-to-ambient thermal resistance of less 
than 35°C/watt as measured on top of display pin 3. 

Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling), or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 

CONTRAST ENHANCEMENT 

The 5082-7350 displays have been designed to provide the 
maximum posible ON/OFF contrast when placed behind 
an appropriate contrast enhancement filter. Some 
suggested filters are Panelgraphic Ruby Red 60 and Dark 
Red 63, SGL Homalite HI00-1605, 3M Light Control Film 
and Polaroid HRCP Red Circular Polarizing Filter. For 
further information see Hewlett-Packard Application Note 
964. 
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Solid State Over Range Character 


For display applications requiring a ±, 1, or decimal point designation, the 5082-7358 over range character is available. This 
display module comes in the same package as the 5082-7350 series numeric indicator and is completely compatible with it. 


Package Dimensions 





0,3 tOjOOTVP. 
{.012^.003} 


4 3 2 1 

BEAR 




{.020.t.003» 

2.5i.13Typ. 


NOTESt'- 

1. OIMENStONSlMMIkLlMETRESAND UNCHE8). 

2. UNteSS otherwise specified, the TOiERAI^CS 
ON Ai.L DIMENSIONS f$t.3SMM (i .OtS INCHES). . 


PIN 

FUNCTION 

1 

Plus 

2 

Numeral One 

3 

Numeral One 

4 

DP 

5 

Open 

6 

Open 

7 

'^cc 

8 

Minus/Plus 



Figures. Typical Driving Circuit. 

TRUTH TABLE 
I CHARACTER I 


■ ' ■ 

' -X "... 

H 

X 

X 

Decimal Point 

X 

X 

H 

X 

Blank 

' L- 

L 

L 

t 


NOTES: L: Line switching transistor in Figure 9 cutoff. 

H: Line switching transistor in Figure 9 saturated. 
X: 'Don't care' 


Electrical /Optical Characteristics 

5082-7358 CTa = 0°C to 70°C, Unless Otherwise Specified) 


DESCRIPTION 


Forward VCiltage per LED 


Power dissipation 


Lommous Intensity per LED (digit avwereje) 


Peak wawlength 


Dominant Wavelength 


Weight 


SYMBOL TEST CONDITIONS MIN 



Recommended Operating 
Conditions 


MIN 

NOM MAX UNIT 

4.S 

6.0 6.6 V 


5.0 10 mA 


LED sopply voltage, Vcc 

Forward current, each LED Ip * S.O 

NOTE: 

LED current must be externally limited. Refer to Figure 9 
for recommended resistor values. 


Absolute Maximum Ratings 


DESCRIPTION 

SYMBOL 

MIN. 

MAX. 

UNIT 

Storage tamperatura^ ambient 

.TS. 


+126 

‘’C 

Operating temperature, ambient 

Ta 

-56 

+too 

‘’C 

Forward currant, each LED 

If 


10 

mA 

Reverse voltage, each LED 

Vr 


4 

V 
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HEWLETT 

PACKARD 


SOLID STATE 
NUMERIC 
INDICATOR 


5082-7010 

5082-7011 


TECHNICAL DATA MARCH 1980 


Features 

• RUGGED, SHOCK RESISTANT, HERMETIC 

• DESIGNED TO MEET MIL STANDARDS 

• INCLUDES DECODER/DRIVER 

BCD Inputs 

• TTL/DTL COMPATIBLE 

• CONTROLLABLE LIGHT OUTPUT 

• 5x7 LED MATRIX CHARACTER 

Description 




The HP 5082-7010 solid state numeric indicator with 
built-in decoder/d river provides a hermetically tested 
6.8mm (0.27 in.) display for use in military or adverse 
industrial environments. Typical applications include 
ground, airborne and shipboard equipment, fire con¬ 
trol systems, medical instruments, and space flight 
systems. 

The 5082-7010 is a modified 5x7 matrix display that 
indicates the numerals 0-9 when presented with a 
BCD code. The BCD code is negative logic with blanks 


displayed for invalid codes. A left-hand decimal point 
is included which must be externally current limited. 

The 5082-7011 is a companion plus/minus sign In the 
same hermetically tested package. Plus/minus Indica¬ 
tions require only that voltage be applied to two in¬ 
put pins. 

Both displays allow luminous intensity to be varied 
by changing the DC drive voltage or by pulse duration 
modulation of the LED voltage. 


Package Dimensions 


( 



Not«$: 1. Unless otherwise specified, the toterence on all dimensions Is ±0.38 mm, (±0.015 incbesl. 

2, All dimensions In millimetres and (inches), 

3. The package and mounting pins are tin plated Kovar, 
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Absolute Maximum Ratings 


Description 

Symbol 

fWfn, 

IVIax. 

Unit 

Storage Temperature, Ambient 

T$ 

' -65",' 

«i-100 


Operating f emperature. Case 

TC 


+95 


Logic Supply Voltage to Ground 

Vcc 


'f7.0 


Logic Input Voltage 

Vl 


+5.5 

V 

LED Supply Voltage to Ground 


-0,5 

+5,5 

V 

Decimal Point Current 

^DP 


-10 

mA 


Note: 1. Above Tq = 65®C derate per derating curve in Figure 10. 


Recommended operating Conditions 


Description 

Symbol 

Min. 

Norn* 

Max, 

Unit * 

Logic Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

,.;xV '-i 

LED Supply Voltage, Display Off 

Vled 

-0.5 

0 

+1.0 

'' Vv - 

LED Supply Voltage, Display On 

VlED 

3.0 

4,2 

5.5 

V 

Decimal Point Current 

Idp12} 

0 

-5.0 

-10.0 

mA 

Logic Input Voltage, “H" State 

VjH 

2,0 


5.5 

,V,' ' 

Logic Input Voltage, State 

V.L 

0 


0.8 

V 


Note: 2. Decimal point current must be externally current limited. See application information. 


Electrical /Optical Characteristics 

Case Temperature, Tc= 0°C to 70°C, unless otherwise specified 


Description 

Symbol 

\ Test 

i Conditions 

Min. 

TypJ^^ 

Max. 

Unit 

Logic Supply Current 

^CC 

Vcc = i 

5.5V 


45 

75 

mA 


kED 

Vcc 

Vled 






13] 

i5.5V 

5.5V 


255 

350 


LED Supply Current 

[5] 

5.5V 

4.2V 


170 

235 

mA 



5.5V 

3.5V 


125 



Logic Input Current, 
“H'' State (ea. input) 

hn 

Vcc=! 

|V|h=2 

5,5V 

!.4V 



100 

ma 

Logic Input Current, 
"'L'" State (ea. input) 

l|L 

Vcc«5.5V 

V|l-0.4V 



-1.6 

mA 

Decimal Point 

Voltage Drop 

Vled 

-Vpp 

Idp« ~ 

-10mA 


1.6 

2.0 

V 


Pt 

Vcc 

Vled 






[3] 

5.5V 

5.5V 


1.7 

2.3 


Power Dissipation 

15] 

5.5V 

4.2V 


1.0 

1.4 

w 



5.5V 

3.5V 


OJ 





Vled 

Tc 





Luminous Intensity 


5,5V 

25®C 

60 

115 



per LED (digit avg.) 

\v 

4.2V 

25^C 

40 

80 


Mcd 



3,5V 

25°C 


50 



Peak Wavelength 

^Deak 



655 


nm 

Spectral Halfwidth 

AXy^ 



30 


nm 

Weight 




4,9 


gram 


Notes: 3. With numeral 8 displayed. 

4. All typical values at Tq = 25°C. 

5. Tq = 0°C to 65°C for Vleq = 5.5V. 


Truth Table 


Char- 

Logic I 


acter 

X8 

X4 

X2 

XI 


0 

H 

H 

H 

H 

0 

1 

H 

H 

H 

L 

1 

2 

H 

H 

L 

H 

o 

Lm. 

3 

H 

H 

L 

L 

3 

4 

H 

L 

H 

H 

i.i|. 

5 

H 

L 

H 

L 

e: 

6 

H 

L 

1 

H 

& 

7 

H 

L 

L 

L 

1 

8 

L 

H 

H 

i H 

[.■ 

8 

9 

L 

H 

H 

L 

9 

Btaak 


H 

L 

H i 


Blank 

L 

H 

L 

L 


Blank 

L 

L 

H 

H 


Bfank 

L 

L 

|h 

f.. 

L 


Blank 

L 

L 

L 

H 


Blank 

L 

L 

L 

L 



ViL = 0.0 to 0.8V 
V|H =2.0 to 5.5V 


242 







LOGIC INPUT CURRENT - piA 




Figure 1. Equivalent input circuit of the 5082*7010 decoder. Figure 2. Equivalent circuit of the 5082-7010 as seen from 
Note: Display metal case is isolated from ground pin #6. LED and decimal point drive lines. 



Figure s. Equivalent circuit of 5082-7011 plus/minus 
sign. All resistors 34512 typical. Note: Display 
metal case is isolated from ground pin #6. 



0 1.0 2.0 3.0 4.0 5.0 


V| - LOGIC INPUT VOLTAGE - V 

Figure 4. Input current as a function of input voltage, 
each input. 




Tj. - CASE TEMPERATURE - °C 


Figure 5. Logic "H" input current as a function of case 
temperature, each input. 



Figure 6. Logic "L" input current as a function of case 
temperature, each input. 


SOLID STATE 
DISPLAYS 






RELATIVE LUMINOUS INTENSITY 
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Solid State Plus/Minus Sign 

For display applications requiring ± designation, the 5082- 
7011 solid state plus/minus sign is available. This display 
module comes in the same package as the 5082-7010 nu¬ 
meric indicator and is completely compatible with it. Plus 
or minus information can be indicated by supplying voltage 
to one (minus sign) or two (plus sign) input leads. A third 
lead is provided for the ground connection. Luminous in¬ 
tensity is controlled by changing the LED drive voltage. 
Each LED has its own built-in 34512 (nominal) current 
limiting resistor. Therefore, no external current limiting 
is required for voltages at 5.5V or lower. Like the numeric 
indicator, the-7011 plus/minus sign isTTL/DTL compatible. 


Truth Table 


/'Ll A Q A la 

:piN - ■ j 

, vrSArf1 pit - 

3 

7 


H : 

H 


' n ■ 

Blank 




Vl= -0.5 to 1.0V 
V„ = 3.0 to 5.5V 


Electrical/Optical Characteristics 

Case Temperature, Tc ~ O^C to 70°C, unless otherwise specified 

Oetcripltoii 

LED Supply Current * 


Power Dissipation 

Luminous Intensity per LED (Digit Avg4 

Peak Wavelength 
Spectral Halfwidth 
Weight 

Notes: 1. All typical values at Tq = 25°C 

2. AtTc = 25°C 


Absolute Maximum Ratings 



Description 


Symbol 




Storage Temperature, Ambient 

ts r 

Operating Temperature, Case 

Tc 

Plus, Plus/Minus Input 

Potential to Ground 

VtiO 


Te«t CemHtions 


^^LiD^4jV 




VtED -42V 


Vuo » SJV 


Vlso'*-42V, 


V|^g0"^'3«5V' 


Mill, j TypJ 


Min, I Max* I Unit 


fm 





Recommended Operating Conditions 


m 150 




Max* Unit 

ISo 





Description 

Symbol 

Min. 

Nom. 

Max. 

Unit 

LED Supply Voltage, 

Display Off 

VtED 

-0*5 

0 

1*0 

y 

LED Supply Voltage, 

Display On 

VtED 

3.0 

42 

5.5 
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Applications 

Decimal Point Limiting Resistor 

The decimal point of the 5082-7010 display requires an ex¬ 
ternal current limiting resistor, between pin 2 and ground. 
Recommended resistor value is 22012,1/4 watt. 

Mounting 

The 5082-7010 and 5082-7011 displays are packaged with 
two rows of 4 contact pins each in a DIP configuration 
with a row center line spacing of 0.890 inches. 

Normal mounting is directly onto a printed circuit board. 
If desired, these displays may be socket mounted using 
contact strip connectors such as Augat's 325-AGI or AMP 
583773-1 or 583774-1. 

Heat Sink Operation 

Optimum display case operating temperature for the 5082- 
7010 and 7011 displays is Tq= 0®C to 70®C as measured 
on back surface. Maintaining the display case operating 
temperature within this range may be achieved by mount¬ 


ing the display on an appropriate heat sink or metal core 
printed circuit board. Thermal conducting compound such 
as Wakefield 120 or Dow Corning 340 can be used between 
display and heat sink. See figure 10 for Vled derating vs. 
display case temperature. 

Operation Without Heat Sink 

These displays may also be operated without the use of a 
heat sink. The thermal resistance from case to ambient 
for these displays when soldered into a printed circuit 
board is nominally 0^^~3O°C/W. See figure 12 for 
derating vs. ambient temperature. 

Cleaning 

Post solder cleaning may be accomplished using water. 
Freon/alcohol mixtures formulated for vapor cleaning pro¬ 
cessing (up to 2 minutes in vapors at boiling) or Freon/ 
alcohol mixtures formulated for room temperature cleaning. 
Suggested solvents: Freon TF, Freon TE, Genesolv DI-15, 
Genesolv DE-15. 
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HERMETIC NUMEraC AND 
HEXADECIMAL DIMAYS 
FOR HIGH REUABILITY 
APPLICATIONS 



TECHNICAL DATA MARCH 1980 


Features 

• PERFORMANCE GUARANTEED OVER 
TEMPERATURE 

• HERMETICITY GUARANTEED 

• TXV SCREENING AVAILABLE 

• GOLD PLATED LEADS 

• HIGH TEMPERATURE STABILIZED 

• NUMERIC 

5082-7391 Right Hand D.P. 

5082-7392 Left Hand D.P. 

• HEXADECIMAL 

5082-7395 

• TTL COMPATIBLE 

• DECODER/DRIVER WITH 5 BIT MEMORY 
•4x7 DOT MATRIX ARRAY 

Shaped Character, Excellent Readability 

• STANDARD DUAL-IN-LINE PACKAGE 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Uniformity of Light Output from 
Unit to Unit within a Single Category 


Description 

The HP 5082-7390 series solid state numeric and 
hexadecimal indicators with on-board decoder/driver and 
memory are hermetically tested 7.4mm (0.29 inch) 
displays for use in military and aerospace applications. 

The 5082-7391 numeric indicator decodes positive 8421 
BCD logic inputs into characters 0-9, a “ sign, a test 

Package Dimensions* 



pattern, and four blanks in the invalid BCD states. The unit 
employs a right-hand decimal point. Typical applications 
include control systems, instrumentation, communica¬ 
tion systems and transportation equipment. 

The 5082-7392 is the same as the 5082-7391 except that 
the decimal point is located on the left-hand side of the 
digit. 

The 5082-7395 hexadecimal indicator decodes positive 
8421 logic inputs Into 16states,0-9and A-F. In place of the 
decimal point an Input is provided for blanking the display 
(all LED’s off), without losing the contents of the memory. 
Applications include terminals and computer systems 
using the base-16 character set. 

The 5082-7393 is a "±1.” overrange display, including a 
right hand decimal point. 


m 

FUNCTION 

5082-7381 5082-7395 

AND 7382 HEXA- 

NUlWlERtC DECIMAL 

1 

Input 2 

Input 2 

- .2 

lnpMt4 

Input 4 

3 

Input 8 

input 8 

' ^ 

Oectmai 

point 

Blanking 

conttol 

- 5 ' 

Latch 

nnabiu 

Latch 

cnabia 

6 

Ground 

Ground 

7 

'^cc 


8 

Input 1 

Input 1 


NOTES: 

1. Dimensions in millimetres and (inches). 

2. Unless otherwise specified, the tolerance 
on all dimensions is ±.38mm (±.015") 

3. Digit center line is ±.25mm (±.01") 
from package center line. 

4. Lead material is gold plated copper 
alloy. 





JEDEC Registered Data. 
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Absolute Maximum Ratings* 


Description 

Symbol 

Min. 

Max. 

Unit 

Storage temperature, ambient 

Ts 

-65 

\ +125 


Operating temperature, ambient 

. , Ta ^ 

. , -65 

+100 

®c 

Supply voltage 

Vcc 

-0.5 

+7.0 

v 

Voltage applied to input logic, dp and enable pins 

Vi»Vdp,Ve 

—0,6 

+7.0 

v 

Voltage applied to blanking input 

Vb 

-0.5 

Vcc 

v 

Maximum solder temperature at 1.59mm (.062 inch) 
below seating plane; t C 5 seconds 

260 

’’0 


Recommended Operating conditions* 


Description 

Symbol 

Min. 

KSuB 

Max. 

Unit 

Supply Voltage 

Vcc 

mm 

■iH 

6.5 

V 

Operating temperature, ambient 

Ta 




®c 

Enable Pulse Width 

tw 

jjj^l 



nsec 

Time data must be held before positive transition 
of enable line 

tsEtUP 




nsec 

Time data must be held after positive transition 
of enable line 

tHOLI> 

KSil 




Enable pulse rise time 

tTL» 




HEE13i 


Electrical/Optical Characteristics \ta = -55®C to +100®C, unless otherwise specified) 



Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board; 0ja=5O®C/W; 
0jc=15°C/W. 2. 0CA of amounted displayshouldnotexceed35°C/WforoperatibnuptoTA=+100°C. 3. Voltage values are with respect to 
device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, Ta=25°C. 5. These displays are categorized for luminous intensity with the in¬ 
tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The 
luminous intensity at a specific ambient temperature, Iv(Ta), may be calculated from this relationship: Iv(Ta)=Iv(25®c)(.985) [Ta-25‘>c] 

7. Applies only to 7395. 8. The dominant wavelength, Xd, is derived from the CIE chromaticity diagram and represents the single wave¬ 
length which defines the color of the device. 


‘JEDEC Registered Data. **Non Registered Data. 
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DATA INPUT 
(LOW LEVEL DATA) 


DATA INPUT 
(HIGH LEVEL DATA)> 


Figure 1. Timing Diagram of 5082-7390 
Series Logic. 


No. A 
Vcc 7-1 



Figure 2. Biock Diagram of 5082-7390 
Series Logic. 
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Notes: 

1. H = Logic High; L = Logic Low. With the enable input at logic high 
changes in BCD input logic levels or D.P. input have no effect upon 
display memory, displayed character, or D.P. 

2. The decimal point input, DP, pertains only to the 5082-7391 and 
5082-7392 displays. 

3. The blanking control input, B, pertains only to the 5082-7395 
hexadecimal display. Blanking input has no effect upon display 
memory. 
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V„ - BLANKING VOLTAGE - V 


-55 -40 -20 0 20 40 60 

T- - AMBIENT TEMPERATURE - 


1.0 2.0 3.0 4.0 5.0 

Vc - LATCH ENABLE VOLTAGE - V 


Figure 3. Typicai Bianking Controi 

Current vs. Voitage for 5082- 
7395. 


Figure 4. Typical Blanking Controi 
Input Current vs. Ambient 
Temperature for 5082-7395. 


Figure 5. Typical Latch Enable Input 
Current vs. Voltage. 
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V,N - LOGIC VOLTAGE - V 


-40 -20 0 20 40 60 80 

Ta - AMBIENT TEMPERATURE - ‘C 


-20 0 20 40 60 80 100 

- AMBIENT TEMPERATURE - “C 


Figure 6. Typical Logic and Decimal 
Point Input Current vs. 
Voltage. 


Figure 7. Typical Logic and Enable 
Low input Current vs. 
Ambient Temperature. 


Figure 8. Typical Logic and Enable 
High Input Current vs. 
Ambient Temperature. 


Operational Considerations 


ELECTRICAL 

The 5082-7390 series devices use a modified 4x7 dot 
matrix of light emitting diodes (LED’s) to display 
decimal/hexadecimal numeric information. The LED’s are 
driven by constant current drivers. BCD information is 
accepted by the display memory when the enable line is at 
logic low and the data is latched when the enable is at 
logic high. To avoid the latching of erroneous Information, 
the enable pulse rise time should not exceed 200 
nanoseconds. Using the enable pulse width and data 
setup and hold times listed in the Recommended 
Operating Conditions allows data to be clocked into an 
array of displays at a 6.7MHz rate. 

The blanking control input on the 5082-7395 display 
blanks (turns off) the displayed hexadecimal Information 
without disturbing the contents of display memory. The 
display is blanked at a minimum threshold level of 3.5 
volts. This may be easily achieved by using an open 
collector TTL gate and a pull-up resistor. For example, 
(1/6) 7416 hexinverter buffer/d river and a 120 ohm pull-up 
resistor will provide sufficient drive to blank eight 
displays. The size of the blanking pull-up resistor may be 
calculated from the following formula, where N is the 
number of digits: 

Rblank ~ (Vcc - 3.5V)/[N (1.0mA)] 

The decimal point input is active low true and this data is 
latched Into the display memory in the same fashion as is 
the BCD data. The decimal point LED is driven by the on¬ 
board 1C. 

MECHANICAL 

5082-7390 series displays are hermetically tested for use 
in environments which require a high reliability device. 
These displays are designed and tested to meet a helium 
leak rate of 5 x 10"’ cc/sec and a standard dye penetrant 
gross leak test. 


These displays may be mounted by soldering directly to a 
printed circuit board or Inserted Into a socket. The lead- 
to-lead pin spacing is 2.54mm (0.100 inch) and the lead 
row spacing is 15.24mm (0.600 inch). These displays may 
be end stacked with 2.54mm (0.100 inch) spacing between 
outside pins of adjacent displays. Sockets such as Augat 
324-AG2D (3 digits) or Augat 508-AG8D (one digit, right 
angle mounting) may be used. 

The primary thermal path for power dissipation is through 
the device leads. Therefore, to insure reliable operation up 
to an ambient temperature of +100°C, it is important to 
maintain a case-to-ambient thermal resistance of less 
than 35°C/watt as measured on top of display pin 3. 

Post solder cleaning may be accomplished using water, 
Freon/alcohoi mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 

PRECONDITIONING 

5082-7390 series displays are 100% preconditioned by 24 
hour storage at 125°C. 

CONTRAST ENHANCEMENT 

The 5082-7390 displays have been designed to provide the 
maximum posible ON/OFF contrast when placed behind 
an appropriate contrast enhancement filter. Some 
suggested filters are Panelgraphic Ruby Red 60 and Dark 
Red 63, SGL Homalite H100-1605, 3M Light Control Film 
and Polaroid HRCP Red Circular Polarizing Filter. For 
further information see Hewlett-Packard Application Note 
964. 
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High Reliability Test Program 

Hewlett-Packard provides standard high reliability test 
programs, patterned after MIL-M-38510 in order to 
facilitate the use of HP products in military programs. 

HP offers two levels of high reliability testing; 

The TXV prefix indentifies a part which has been 
preconditioned and screened per Table 1. 

The TXVB prefix identifies a part which has been pre¬ 
conditioned and screened per Table 1, and comes from 
a lot which has been subjected to the Group B tests 
described in Table 2. 

Table 1. TXV Preconditioning and Screening — 100%. 


standard Product 

With TXV Screening | 

Plus Group B 

1 PREFERRED PART NUMBER SYSTEM | 

4N51 

4N51TXV 

4N51TXVB 

4N52 

4N52TXV 

4N52TXVB 

4N54 

4N54TXV 

4N54TXVB 

4N53 

4N53TXV 

4N53TXVB 

1 ALTERNATE PART NUMBER SYSTEM | 

5082-7391 

TXV-7391 

TXVB-7391 

5082-7392 

TXV-7392 

TXVB-7392 

5082-7395 

TXV-7395 

TXVB-7395 

5082-7393 

TXV-7393 

TXVB-7393 



MiL-STD-88a 

Methods 

Conditions 

,,^|:intemaryist^Un|pection: ' 

HP Procedure 


A-6956-7572-62 


:;j2^::£l,edtjticatTest:Ty,'iccf isu iB'H» Ibh» tii,* liH-, 


Per Electrical/Optical Characterstics. 

3.iHI§h Temperature Storage \ 

1008 

126®C, 168 hours. 

4 Temperature Cycling 

1010 

--65® C to +125®C, 10 cycles. 

:'-5*^-Mcceleration ^ 

2001 

2,000 G, Yi orientation. 

'■'6..:Wum Leak,Test-' 

1014 

Condition A 

' 7,-'Gfoss Leak T^t 

8. Electrical Test: Same as Step 2 

1014 

Condition D 

9. Burn-in 

1015 

Ta=100®C, t=s168 hours, at Vcc-6.0V and cycling through 

Ip. Electrical Test as in Step 2 


logic at 1 character per sec. 

11; Sample Electrical Test Over Tempefature: 


Per Electrical Characteristics, Ta = -55®C, ITPD - 7 

Icct Ist. Ibh, let, lfc«» Ll* Lh 



12. Sample Electrical Test Over Temperature 


Per Eiectricat Characteristics, Ta = +100®C, LTPD - 7 

lcc» let, Ibh, I el, Ieh, Ll, Iim 



13. External Visual 

2009 



Table 2. Group B. 
Examination or Test 


Subgroup 1 

Physical Dimensions _ 

Subgroup 2 
Sotderabliity 
Terhperaturp Cycling 
Thermal ShocM 
Hermetic Seal 
Moisture Resistance 
End Points: Electrical Test 
Subgroup 3 

Shock - Non-operating 
Vibration Variable Frequency 
Constant Acceleration 
End Points: Eiectricat Test 
Subgroup 4 
Terminal Strength 
End Points: Hermetic Seal 

Subgroup 5 

Salt Atmosphere _ ■ 

Subgroup 6 
High Temperature Life 
End points: Electrical Test 
subgroup? 

Steady State Operating Lite 
End Points: Electrical Test 


_ Mlt-STD-8$3 _ 

I Condition 


Package Dimensions per Product Outline Drawing> _ 

Immersion within 0,062” of seating plane 260® C, t-6 sec., omit aging. 

10 cycles -65® C to +125® C 

Test Condition A 

Condition A and Condition D 

Omit initial conditioning. 

Same as Step 2, Table 1. _ . 

1500 G, t^.Sms. 5 blows In each orientation Xu Yi, Y 2 , 
Non-operating. 

2,000 G, Yi orientation, 

Same as Step 2, Table 1. _ 

Test Condition B2. 

Condition A and Condition D 

Test Condition A ___ 

Ta«125®C, non-operating, t-IOOO hours. 

Same as Step 2, Table 1. _ 

Ta- 100®C, t=l000 hours, at Vcc=5.0V and cycling through logic at 
1 character per second. 

Same as Step 2, Table 1. 
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Solid State Over Range Character 

For display applications requiring a ±, 1, or decimal point designation, the 5082-7393 over range character is available This 
display module comes in the same package as the 5082-7390 series numeric indicator and is completely compatible with it. 


Package Dimensions* 




SIDE 


5 6 7 8 


[Ml 




-} 3.8 L. 

. . 


1.3 TYP. 


1 


1.6 

mi 


T 


.1 *JLP.5 40.081 
^r^{.020i.0( 


0.08 TYP. 
±.003) 

g.fi±Q.iaTVP. 


<.10 ±.005) 


REAR 


NOTES: 

1. DIMENSIONS IN MlLLIMETftES AND (INCHES). 

2. UNLESS OTHERWISE SPECtflED. THE TOLERANCE 
ON ALL DIMENSIONS IS i.38 MM {& ,015 INCHES). 


mo 


PIN 

FUNCTION 

1 

Plus 

2 

Numeral One 

3 

Numeral One 

4 

DP 

5 

Open 

6 

Open 

7 

Vcc 

8 

Minus/Plus 



TRUTH TABLE 


CHARACTER 



1 

2,3 

4 


+ 

H 

X 

X 

■ 'H 


L 

X 

X 

■ .H. '"/s'. 

1 

X 

H 

X 

X 

Decimal Point 

X 

X 

H 


Blank 

L 

L 

L 

^ L;x.":v! 


NOTES: L: Line switching transistor in Figure 9 cutoff. 

H: Line switching transistor in Figure 9 saturated. 
X: 'Don't care' 


Electrical /Optical Characteristics * 


5082-7393 {T^ = -55°C to h- 100°C, Unless Otherwise Specified) 


DESCRIPTION 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

vuNiT^/; -' 

Forward Voltage per LEO 

Vp 

Ip = 10mA 


1.6 

2.0 

' /V”/''' ■ 

Power dissipation 

Pt 

Ip ~ 10 mA 
all diodes lit 


280 

320 

mW;,' 

Luminous Intensity per LED (digit average! 

ip 

Ip “ 6 mA 

Tc ^ 25°C 

40 

85 



Peak wavelength 

^peak 

tc - 25“C 


655 


hm'-: 

Dominant Wavelength 

X<1 

Tc=25°C 


640 


nih • ' 

Weight * * 




1.0 


gm 


Recommended Operating 
Conditions* 



SYMBOL 

MIN 

Z 

i 

MAX 

UNIT 

LE D supply voltage 

Vcc 

4.5 

5,0 

5.5 

V 

Forward current, each LEO 

h 


6.0 

10 

mA 


NOTE: 

LED current must be externally limited. Refer to Figure 9 
for recommended resistor values. 


Absolute Maximum Ratings* 


DESCRIPTION 

SYMBOL 

MiN. 

MAX. 

UNIT 

Storage temperature, ambient 

Is.. 

-65 

>125 

/ '°0,; 

Operating temp^ature, ambient 

Ta 

-55 

-FtOO 

. 

Forward carrmtp each LED 

if 


10 


Revwse voltage, each LED 
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Features 


• INTEGRATED SHIFT REGISTERS WITH 
CONSTANT CURRENT DRIVERS 

• CERAMIC 7.62 mm (.3 in.) DIP 

Integral Red Glass Contrast Filter 

• WIDE VIEWING ANGLE 

• END STACKABLE 4 CHARACTER PACKAGE 

• PIN ECONOMY 

12 Pins for 4 Characters 

• TTL COMPATIBLE 

• 5x7 LED MATRIX DISPLAYS FULL ASCII 
CODE 

• RUGGED, LONG OPERATING LIFE 

• CATEGORIZED FOR LUMINOUS INTENSITY 

Assures Ease of Package to 
Package Brightness Matching 



Description 


The HP HDSP-2000 display is a 3.8mm (0.15 inch) 5x7 LED array for display of alphanumeric information. The device is 
available in 4 character clusters and is packaged in a 12-pin dual-in-line type package. An on-board SlPO (serial-ln- 
parallei-out) 7 bit shift register associated with each digit controls constant current LED row drivers. Full character display 
is achieved by external column strobing. The constant current LED drivers are externally programmable and typically 
capable of sinking 13.5mA peak per diode. Applications include interactive I/O terminals, point of sale equipment, portable 
telecommunications gear, and hand held equipment requiring alphanumeric displays. 


Package Dimensions 



I-1 rT-i I-1 

I I I ' I I I I 

I T I I T I I I I 


»ilr, 

Itm {.290) 


PIN FUNCTION Pir 

1 COLUMN 1 _] 

2 COLUMN 2 I 

3 COLUMN 3 _I 

4 COLUMN 4 _II 

5 COLUMN 5 _V 

6 INT. CONNECT* li 
*0O NOT CONNECT OR 0$E 


PIN FUNCTION 
7 DATA OUT 


10 CLOCK 

11 GROUND 

12 DATA IN 


PIN t MARKED BY 
DOT ON BACK OF 
PACKAGE. 


4.4413 
1(.175i.005jr 


1 . 271.13 

{.0501.005) 




2.541.13 TYP. 
NONACOUM, 


' .26i.0S TVP. 
(. 0101 . 002 ) 


“ (.300)^^ 


NOTES: 

1. DIMENSIONS IN oiimOftfihM). 

2. ONLESSOTHEIWISE SPECIFIED THE 
TOLERANCE ON ALL DIMENSIONS 
181.38 iron {t.Oir) 

3. LEAD MATERIAL 18 COLO PLATED 
COWPER ALLOY. 

4. CHARACTERS ARE CENTERED 
WITH RESPECT TO LEADS WITHIN 
i.lStnro {t.oOB"). 
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Absolute Maximum Ratings 

Suppiy Voitage Vcc to Ground ..-0.5V to 6.0V 

Inputs, Data Out and Vb . . -0.5V to Vcc 

Column Input Voltage, Vcol . -0.5V to +6.0V 

Free Air Operating Temperature 
Range, Ta® .... -20°C to+70°C 


Storage Temperature Range, Ts .-55° C to +100°C 

Maximum Ailowabie Package Dissipation 

atTA = 25°C<‘’''“’' .1.70Watts 

Maximum Soider Temperature 1.59mm (.063") 

Beiow Seating Plane t<5 secs . 260° C 


Recommended Operating Conditions 


Parameter 


Supply Voltage 


Data Out Current, Low State 
Data Out Current, HighState 


Column Input Voltage, Column On 


Setup Time 


Hold Time _ 

Width of Clock 


Clock Frequency ___ 

Clock Transition Time 


Free Air Operating Temperature Range 



Electrical Characteristics Over operating Temperature Range 

(Unless otherwise specified.) 


Description 


Supply Current 


Column Current at any Column Input 

Column Current at any Column Input 

Peak Luminous intensity per LEDi^TI 

(Character Average) _ 

Vb, Clock or Data Input Threshold High"^ 
Ve, Clock or Data Input Threshold Low 


Vb - 2-4V 


Symbol | Test Conditions 


Vcc « 5.25V 
VctocK “ Vdata - 2.4V 
All SR Stages « 
_ Logical 1 _ 

, Vcc « 5.26V 

Icot VgoL = 3,6V 


All SR Stages « Logical 1 Vb«2.4V 

Vcc ^ 6,0V, Vcoi. = 3.5V 
T, Vb=2.4V 


Min. I TypA” 


46 


Max. Units 


95 mA 


1.5 mA 


Input Current Logical 1 


Input Current Logical 0 


Data Out Voltage 


Vb. Clock 
Data In 
VB.CIock ' 
Data In 


Vcc 5.25V, V,H ^ 2,4V 

Vcc ^ 5.25V, Vjt - 0.4V 

Vcc ^ 4.75V, lot! ^ -05mA, Vcot, OV 
Vcc 4.75V, lot TBmA. Vcol OV 
Vcc == 5.0V, Vcol « 2.6V. 

16 LEDs on per character, Va = 2.4V 



0.8 

V 

20 

80 

mA 

10 

40 

aA 

-600 

-800 

pA 

-250 

-400 

pA 

3.4 


V 

0.2 

0.4 

V 

0.66 


w 

656 i 


nm 

639 


nm 


Power Pisstpation Per Package** _ Px> ^5 tEps on per character. Vs ^ 2.4V _ ^ _ ^ 

Peak Wavelength _ Xbhak ___ 355 _ nm 

Dominant Wavelength _ Xd _ 639 ___ nm 

*AII typical values specified at Vcc = 5.0V and Ta = 25® C unless otherwise noted. 

“Power dissipation per package with 4 characters illuminated. 

NOTES: 1. Maximum absolute dissipation is with the device in a socket having a thermal resistance from pins to ambient of 35°C/watt. 

2. The device should be derated linearly above 25°C at 16mW/°C (see Electrical Description on page 3). 

3. The characters are categorized for Luminous Intensity with the intensity category designated by a letter code on the bottom of the 
package. 

4. T, refers to the initial case temperature of the device immediately prior to the light measurement. 

5. Dominant wavelength Ad, is derived from the CIE chromaticity diagram, and represents the single wavelength which defines the color 
of the device. 

6. Maximum ailowabie dissipation is derived from Vcc - Vg - Vcol - ® .25 Volts, 20 LEDs on per character. 

7. The luminous stearance of the LED may be calculated using the following relationships: 

Lv (Lux) = Iv (Candela)/A (Metre)^ 

Lv (Footlamberts) = ttIv (Candela)/A (Foot)^ 

A = 5.3 X 10'* M'= 5.8 X 10'MFoot)^ 
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Parameter 

Condllloii 

Mia 

Typ. 

Max. 

Uiilla 

fclock 

CLOCK Rate 




3 

MHz 

tpLHi tpHL 

Propagation 
delay CLOCK 
to DATA OUT 

Cl == 15pF 
Rt=2.4Ka 



125 

ns 


Figure 1. Switching Characteristics. (Vqq = 5V, 
Ta = -20°C to +70®C) 


Mechanicai and 
Thermal Considerations 

The HDSP-2000 is available in a standard 12 lead ceramic- 
glass dual in-line package. It is designed for plugging into 
DIP sockets or soldering into PC boards. The packages 
may be horizontally or vertically stacked for character 
arrays of any desired size. 

The -2000 can be operated over a wide range of 
temperature and supply voltages. Full power operation at 
Ta = 25° C (Vcc = Vb = VcoL = 5.25V) is possible by 
providing a total thermal resistance from the seating plane 
of the pins to ambient of 35°C/W/cluster maximum. For 
operation above Ta = 25° C, the maximum device 
dissipation should be derated above 25°C at 16mW/°C 
(see Figure 2). Power derating can be achieved by either 
decreasing Vcol or decreasing the average drive current 
through pulse width modulation of Vb. 

The -2000 display has an Integral contrast enhancement 
filter in the glass lens. Additional front panel contrast 
filters may by desirable In most actual display applica¬ 
tions. Some suggested filters are Panelgraphic Ruby Red 
60, SQL Homalite H100-1605 and Plexiglass 2423. 
Hewlett-Packard Application Note 964 treats this subject 
in greater detail. 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 


Electrical Description 

The HDSP-2000 four character alphanumeric display has 
been designed to allow the user maximum flexibility In 
interface electronics design. Each four character display 
module features Data In and Data Out terminals arrayed 
for easy PC board interconnection such that display 
strings of up to 80 digits may be driven from a single 
character generator. Data Out represents the output of the 
7th bit of digit number 4 shift register. Shift register 
clocking occurs on the high to low transition of the Clock 
Input. The like columns of each character in a display 
cluster are tied to a single pin. Figure 5 is the block 
diagram for the HDSP-2000. High true data in the shift 
register enables the output current mirror driver stage 
associated with each row of LEDs in the 5x7 diode array. 

The reference current for the current mirror is generated 
from the output voltage of the Vb input buffer applied 
across the resistor R. The TTL compatible Vb input may 
either be tied to Vcc for maximum display Intensity or pulse 
width modulated to achieve intensity control and 
reduction In power consumption. 

The normal mode of operation is depicted in the block 
diagram of Figure 6. In this circuit, binary input data for 
digit 4, column 1 is decoded by the 7 line output ROM and 
then loaded into the 7 on board shift register locations 1 
through 7 through a parallel-in-serial-out shift register. 
Column 1 data for digits 3,2 and 1 is similarly decoded and 
shifted into the display shift register locations. The 
column 11nput is now enabled for an appropriate period of 
time, T. A similar process is repeated for columns 2, 3,4 
and 5. If the time necessary to decode and load data Into 
the shift register Is t, then with 5 columns, each column of 
the display is operating at a duty factor of: 

T 

D.F. = 5(t+T) 

The time frame, t -I- T, allotted to each column of the 
display Is generally chosen to provide the maximum duty 
factor consistent with the minimum refresh rate necessary 



- AMBIENT TEMPERATURE - ”0 



T^ - AMBIENT TEMPERATURE - ‘’C 



Figure 2. Maximum Aiiowabie Power 
Dissipation vs. Temperature. 


Figure 3. Relative Luminous Intensity 
vs. Temperature. 


Figure 4. Peak Column Current 
vs. Column Voltage. 







to achieve a flicker free display. For most strobed display 
systems, each columri of the display should be refreshed 
(turned on) at a minimum rate of 1004imes per second. 

With 5 columns to be addressed, this refresh rate then 
gives a value for the time t + T of: 

1/[5 X (100)] = 2 msec. 


If the device is operated at 3.0 MHz clock rate maximum, it 
Is possible to maintain t T. For short display strings, the 
duty factor will then approach 20%. For longer display 
strings operation at column duty factors of less than 10% 
will still provide adequate display intensity in most 
applications. For further applications Information, refer to 
HP Application Note 966 and Application Note 1001. 



Figure 5. Block Diagram of the HDSP-2000. 


INTERNAL 
CONNECTION 
(DO NOT CONNECT) 


1/N COUNTER 
ICLOCK N => No. OF DIGITS 
I m IN0lia>LAV 

I string 


CLOCK IN 

. DISPLAY TIME (T) 
COUNTER 


7-8IT 

parallel IN 
SERIAL OUT 
SHIFT 
REGISTER 


) ASCII DATA IN 
COLUMN COLUMN . 

7.LINE - 

wr ^coluMN) ijatain- 

CHARACTER GENERATOR 


I IN OUT r 


i COLUMN SELECT INPUTS 


Figure 6. Block Diagram of a Basic Display System. 
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Features 


• INTEGRATED SHIFT REGISTERS WITH 
CONSTANT CURRENT DRIVERS 

• CERAMIC 7.62 mm (.3 in.) DIP 

• WIDE VIEWING ANGLE 

• END STACKABLE 4 CHARACTER PACKAGE 

• PIN ECONOMY 

12 Pins for 4 Characters 

• TTL COMPATIBLE 

• 5x7 LED MATRIX DISPLAYS FULL ASCII 
CODE 

• RUGGED, LONG OPERATING LIFE 

• CATEGORIZED FOR LUMINOUS INTENSITY 
AND COLOR 

Assures Ease of Package to 
Package Brightness and Color Matching 




. 





Description 


The HP HDSP-2001 display is a 3.8mm (0.15 inch) 5x7 fellow LED array for display of alphanumeric Information. The 
device is available In 4 character clusters and Is packaged Inal 2-pln dual-in-line type package. An on-board SlPO (serial- 
in-parallel-out) 7-bit shift register associated with each digit controls constant current LED row drivers. Full character 
display is achieved by external column strobing. The constant current LED drivers are externally programmable and 
typically capable of sinking 13.5mA peak per diode. Applications include interactive I/O terminals, avionics, portable 
telecommunications gear, and hand held equipment requiring alphanumeric displays. 


Package Dimensions 


$E£r^TE4| (-1 

L.' 1 11 


(-1 TTI I-1 I-1' 

I I I ' I ' I I I I 

I T I I I I I I I I I 


3,7 7.2S 

(.290) 


PIN FUNCTION 
1 7 DATA OUT 


10^ CLOCK 
11 I GROuTjrp 


I 6 [ INT. CONNECT* | 12 | DATA IN 

*00 NOT CONNECT OR USE 


PIN 1 MARKED »V 
DOT ON RACK or 
PACKAGE, 


J 4.44 13 
ItITS t.O0S)r 


1.27 i,13 
(.OSOi.EOE) 




,641.00'. ' ' 
(.020*.OQ3) 


2,54t.t3TYP. 
- {.«»'■ OCW) 
NON ACCOM. 


.»1.05 TYP. 
(, 0101 , 002 ) 




NOTES: 

1, DIMENSIONS IN mw (inchM). 

2, UNLESS OTHERWISE SPECIFIED THE 
TOLERANCE ON ALL DIMENSIONS 
ISi.3Smi(n(t.016'*| 

3. LEAD MATERIAL IS GOLD PLATED 
COPPER ALLOY 

4. CHARACTERS ARE CENTERED 
WITH RESPECT TO LEADS WITHIN 
i.13mro {1.005'*). 
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Absolute Maximum Ratings 

Supply Voltage Vcr to Ground .. -0.5V to 6.0V Storage Temperature Range, Ts ..... -55° C to +100°C 

Inputs, Data Out and Vb . -0.5V to Vcc Maximum Allowable Package Dissipation 

Column Input Voltage, Vcoi. .. -0.5V to+6.0V atTA = 25°C''’'’"’ .... .1.70 Watts 

Free Air Operating Temperature Maximum Solder Temperature 1.59mm (.063") 

Range, Ta'* .. -20°C to +70°C Below Seating Plane t<5 secs ... 260°C 

Recommended Operating conditions 



Electricai Characteristics Over operating Temperature Range 


(Unless otherwise specified.) 



Symbol 

Test Conditions 

Min, 

Typ* 

Max. 

Units 

' Supply Current 


. ViT - 5.25V 

Vctuc'K - VuAfA " 2;4V 
AH SR Stages ~ 

Logical 1 

Vb 0.4V. 


45 

60 

mA 

Vb 2,4V 


73 

05 

mA 

dotuMn Current at any Column Input 

Lui 

Vcc 5,2$V 

VcoL/'-a.SV. 

AH SR Stages Logical 1 

VB-0.4V 



1.5 

mA 

'doiumn Current at any Column Input 

. Iroi 

Vb«2.4V 


' 335 

410 

, 

mA 

Peak luminous Intensity per 
\ (Character Average) 

kri.AK 

Vtv = 5,0V. V,'o) 3.5V 

T, =^25°C<-^' ' V8^2.4V . ' 

" ■ ■ . 

500 

750 


^cd 

Vb. Clock or Data Input fhreshold.High 

- Vm 

V( c ^ Vvm 4.75V 

2.0 



V 

Vb, Clock, or Data Input Threshold Low 

Vii 

J 


0.8 , 

V 

Input Current Logical 1 

Vb, Clock 

ini 

V<T-^ 5.25V, V,11=^ 2.4V 


20 

80 

mA 

' r'; " .■ •. ., > 

Data In 

Im 


10 ^ 

40 ' r 

'I'nA, 

InpuLCurrent; Logical 0 

Vb,C lock 

In. 

Vc< 5.25V, Vu .^ 0.4V, 

...."'"j 

-500 

-800 

mA 


Data In 

Ilf 


-250 

-400 

+A. 

/'Data:Opt'Voltage" ^ 

VoH 

Vic --4.75V, lof, = «-0.5mA, V<,oi - OV 

2.4 i 

3.4 


,V 

Vo, 

V<T •=, 4.75V, loi = 1.6mA, Vrt.i -OV ' 


0.2' 

, 0.4 

V 

P.oW^'t dissipation Per Package** 

Pn 

Vet =i5.0V„Vcoi,=^275V. 

15 LEDs on per character, V« = 2.4V 


0.68 


W 

Peak Wavelength 

Apf AK 



683 


nm" 

Dominant Wavelength ‘ ' 

Ad 



585 


nm 


‘All typical values specified at Vcc = 5.0V and Ta = 25°C unless otherwise noted. 
“Power dissipation per package with 4 characters illuminated. 


NOTES: 1. Maximum absolute dissipation is with the device in a socket having a thermal resistance from pins to ambient of 35° C/watt/device. 

2. The device should be derated linearly above 25°C at 16mW/°C (see Electrical Description on page 3). 

3. The characters are categorized for Luminous Intensity and color with the category designated by a letter code on the bottom of the 
package. 

4. T| refers to the initial case temperature of the device immediately prior to the light measurement. 

5. Dominant wavelength is derived from the CIE chromaticity diagram, and represents the single wavelength which defines the color 
of the device. 

6. Maximum allowable dissipation is derived from V,^ == V^ = V( (,i = 5.25 Volts, 20 LEDs on per character. 

7. The luminous stearance of the LED may be calculated using the following relationships; 

Lv (Lux) = Iv (Candela)/A (Metre)’ 

Lv (Footlamberts) - ttU (Candela)/A (Foot)' 

A = 8.02 X 10-8 m2 = 8.64 X 10-7 (Foot)2 
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CLOCK tF-1.5V -\-1-5V -jLi.sv -V 1.5 V 

S \ / 1cm 



Parwwetef ' ^ IWIwt T)a|L^i .Ijjifc ' 

g^CK'Hate'-^' 

tpLHt tmL '4' " ' " \ "i 

Propagalion Cl «1^ 

delay CLOCK Rt=aL4Kn ^ 

' to DATA OUT I • I: SA& 

Figure 1. Switching Characteristics. (Vqq = 5V, 

Ta =-20°C to+70°C) 

Mechanical and 
Thermal considerations 

The HDSP-2001 is available in a standard 12 lead ceramic- 
glass dual in-line package. It is designed for plugging into 
DIP sockets or soldering into PC boards. The packages 
may be horizontally or vertically stacked for character 
arrays of any desired size. 

The HDSP-2001 can be operated over a wide range of 
temperature and supply voltages. Full power operation at 
Ta = 25° C (Vcc = Vb = VcoL = 5.25V) is possible by 
providing a total thermal resistance from the seating plane 
of the pins to ambient of 35° C/W/device maximum. For 
operation above Ta = 25° C, the maximum device 
dissipation should be derated above 25° C at 16mW/°C 
(see Figure 2). Power derating can be achieved by either 
decreasing Vcol or decreasing the average drive current 
through pulse width modulation of Vb. 

The HDSP-2001 display has an integral untinted glass 
lens. A front panel contrast filter is desirable in most actual 
display applications. Some suggested filters are Panel- 
graphic Gray 10, SGL Homalite H100-1266 Gray and 3M 
Light Control Film (louvered filters). 


^ Cl * 1^ 


Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 

Electrical Description 

The HDSP-2001 four character alphanumeric display has 
been designed to allow the user maximum flexibility in 
interface electronics design. Each four character display 
module features Data In and Data Out terminals arrayed 
for easy PC board interconnection such that display 
strings of up to 80 digits may be driven from a single 
character generator. Data Out represents the output of the 
7th bit of digit number 4 shift register. Shift register 
clocking occurs on the high to low transition of the Clock 
input. The like columns of each character in a display 
cluster are tied to a single pin. Figure 5 is the block 
diagram for the HDSP-2001. High true data in the shift 
register enables the output current mirror driver stage 
associated with each row of LEDs in the 5x7 diode array. 

The reference current for the current mirror is generated 
from the output voltage of the Vb Input buffer applied 
across the resistor R. The TTL compatible Vb input may 
either be tied to Vcc for maximum display intensity or pulse 
width modulated, to achieve Intensity control and 
reduction In power consumption. 

The normal mode of operation is depicted in the block 
diagram of Figure 6. In this circuit, binary input data for 
digit 4, column 1 is decoded by the 7 line output ROM and 
then loaded into the 7 on board shift register locations 1 
through 7 through a parallel-in-serial-out shift register. 
Column 1 datafordigits3,2and 1 is similarly decoded and 
shifted Into the display shift register locations. The 
column 11nput is now enabled for an appropriate period of 
time, T. A similar process is repeated for columns 2, 3, 4 
and 5. If the time necessary to decode and load data into 
the shift register Is t, then with 5 columns, each column of 
the display is operating at a duty factor of: 

T 

D.F. = 5(t+T) 

The time frame, t + T, allotted to each column of the 
display Is generally chosen to provide the maximum duty 
factor consistent with the minimum refresh rate necessary 



-20 0 +20 +40 +60 +80 +100 

- AMBIENT TEMPERATURE - °C 

Figure 2. Maximum Aiiowabie Power 
Dissipation vs. Temperature. 



-40 -20 0 20l 40 60 70 80 100 

25 

Ta - AMBIENT TEMPERATURE - °C 

Figure 3. Reiative Luminous intensity 
vs. Temperature. 



0 1.0 2.0 3.0 4.0 5.0 

Vcol - COLUMN voltage - v 

Figure 4. Peak Coiumn Current 
vs. Column Voltage. 
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to achieve a flicker free display. For most strobed display 
systems, each column of the display should be refreshed 
(turned on) at a minimum rate of 100 times per second. 

With 5 columns to be addressed, this refresh rate then 
gives a value for the time t + T of: 

1/[5 X (100)1 = 2 msec. 


If the device is operated at 3.0 MHz clock rate maximum, it 
is possible to maintain t T. For short display strings, the 
duty factor will then approach 20%. For longer display 
strings operation at column duty factors of less than 10% 
will still provide adequate display intensity in most 
applications. For further applications information, refer to 
HP Application Note 1001. 



Figure 5. Block Diagram of the HDSP-2001. 


INTERNAL 
CONNECTION 
(DO NOT CONNECT) 


I 1/N COUNTER 

JCLOCK N No. OF DIGITS 
I IN IN DISPLAY 
I STRING 


PARALLEL IN 
SERIAL OUT 
SHIFT 
REGISTER 


. ASCII DATA IN 

column column - 

DATA select - 

’ CHARACTER GENERATOR 


JDATA oATAl 

1 HOI8»^2001 WT I 


1-/5 DECODER ENABLEF 


Figure 6. Block Diagram of a Basic Display System. 
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Features 

• OPERATION GUARANTEED TO T^ = -40° C 

• HERMETICITY GUARANTEED 
TXV Screening Available 

• 100% TEMPERATURE CYCLED 
-55°Cto +100° C 

• GOLD PLATED LEADS 

• INTEGRATED SHIFT REGISTERS WITH 
CONSTANT CURRENT DRIVERS 

• CERAMIC 7.62mm (.3 in.) DIP 
Integral Red Glass Contrast Filter 

• WIDE VIEWING ANGLE 

• END STACKABLE 4 CHARACTER PACKAGE 

• PIN ECONOMY 

12 Pins for 4 Characters 

• TTL COMPATIBLE 

• 5x7 LED MATRIX DISPLAYS FULL ASCII 
CODE 

• RUGGED, LONG OPERATING LIFE 

• CATEGORIZED FOR LUMINOUS INTENSITY 
Assures Ease of Package to 

Package Brightness Matching 

Package Dimensions 



Description 

The HP HDSP-2010 display is designed for use in 
applications requiring high reliability. The character font 
is a 3.8mm (0.15 inch) Sv^j^fied LED array for displaying 
alphanumeric information. The device is available in 4 
character clusters and is packaged in a 12-pin dual-in-line 
type package. An on-board SlPO (serial-in-parallel-out) 
7-bit shift register associated with each digit controls 
constant current LED row drivers. Full character display is 
achieved by external column strobing. The constant 
current LED drivers are externally programmable and 
typically capable of sinking 13.5mA peak per diode. 
Applications Include interactive I/O terminals, avionics, 
portable telecommunications gear, and hand held 
equipment requiring alphanumeric displays. 





1. DlKfl£M$i<ms m mm 
^ y»fc«SSOT«iftWISgS»*EGIflEC»THg 
ditt Att 

3. it AO MATERJAt IS GQ%.t> EiATEO 
COI»f»Eft AtiOV/ 

4. CNARAGTERS are CE«TERtO 
WITH RES»»ECT TO tEAOS WfTHUSI 
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Absolute Maximum Ratings 

Supply Voltage Vcc to Ground .. -0.5V to 6.0V 

Inputs, Data Out and Vb . -0.5V to Vcc 

Column Input Voltage, Vcol . -0.5V to +6.0V 

Free Air Operating Temperature 
Range,!,,'-'.. -40“ C to+70'’C 


Recommended operating Conditions 


Parameter 

Symlio} 

Min. 

Nom. 

Max. 

Units 

Supply Voltage 

.'''Vcc: 

4J5 

5.0 

6.2$ 

V 

Data Out Current, tow State 

loi. 



1.6 

mA 

Data Out Current HighState 

loH 



-0.5 

mA 

Cotumn Input Voltage. Column On 

Vcol 

2.6 


Vcc 

V 

Setup Time 

twjup 

70 

45 


ns 

Hold Time 

thoid 

30 

0 


ns 

Width of Clock 

tw (Clock > 

76 



ns 

Clock Frequency 

fcluvk 

0 


3 

MHz 

Clock Transition Time 

t I'Hi: 



200 

ns 

Free Air Operating Temperature Range 

Ta 

-40 


70 

°C 


Electrical Characteristics Over Operating Temperature Range 

(Unless otherwise specified.) 


Description 

Symbol 

Test Conditions 

Min. 

Typ/ 

Max. 

Units 

Supply Current 

Icc 

Vcc 5.25V 

VcLOCK = VdATA - 2.4V 

All SR Stages - 
Logical 1 , 

Vb * 0.4V 


45 

60 

mA 

Vb - 2.4V 


73 

95 

mA 

Column Current at any Column Input 

loot 

Vcc* 5,25V 

Vcol -3.5V 

All SR Stages * Logical 1 

Vb - 0.4V 



1.5 

mA 

Column Current at any Column Input 

ICOL 

Vb - 2.4V 


350 

435 

mA 

Peak Luminous Intensity per LED‘^71 
(Character Average) 

IvhEAK 

Vcc - $.0V, Vcol * 3.5V 

Ti-25°Ci-*l Vb = 2.4V 

106 

200 


/ucd 

Vs, Clock or Data Input Threshold High 

VfH 

Vcc - Vcol * 4,76V 

2.0 



V 

Vb, Data Input Threshold Low 

VJL 



0.8 

V 

Clock Threshold Low 

V(L 



0.6 

V 

Input Current Logical 1 

Vb, Clock 

\m 

Vcc * 5.25V, ViH * 2.4V 


20 

80 



Data In 

IfH 


10 

40 

mA 

Input Current Logical 0 

Vb. Clock 

IlL 

Vcc - 5.25V, Vit - 0.4V 


-500 

-800 

^A 


Data In 

IlL 


-250 

-400 

mA 

Data Out Voltage 

VOH 

Vcc * 4,75V. loH * -d.5mA. Vcol = OV 

2.4 

3.4 


V 

VoL 

Vcc - 4.76V, loL - 1.6mA, Vcol * OV 


0.2 

0.4 

V 

Power Dissipation Per Package** 

Pd 

Vcc - 5.0V. Vcol - 2.6V, 

15 LEDs on per character, Vb = 2.4V 


0.66 


W 

Peak Wavelength 

kPEAK 



655 


nm 

Dominant Waveiengthl^l 

Ad 



640 


nm 

Leak Rate 





6 k 10*7 

cc/s 


*AII typical values specified at Vcc = 5.0V and Ta = 25°C unless otherwise noted. 
‘•Power dissipation per package with 4 characters illuminated. 


NOTES; 1. Maximum absolute dissipation is with the device in a socket having a thermal resistance from pins to ambient of 35” C/watt/device. 

2. The device should be derated liriearly above 25°C at 16mW/°C (see Electrical Description on page 3). 

3. The characters are categorized for Luminous Intensity and color with the category designated by a letter code on the bottom of the 
package. 

4. T, refers to the initial case temperature of the device immediately prior to the light measurement. 

5 Dominant wavelength Ad, is derived from the CIE chromaticity diagram, and represents the single wavelength which defines the color 
of the device. 

6. Maximum allowable dissipation is derived from ^CC ” " '^COL 5 .25 Volts, 20 LEDs on per character 

7. The luminous stearance of the LED may be calculated using the following relationships: 

Lv (Lux) = Iv (Candela)/A (Metre)2 

Lv (Footlamberts) = ttIv (Candela)/A (Foot)2 
A = 5.3 X 10-8 M2 = 5.8 X 10-7 (Foot)2 


Storage Temperature Range, Ts .-55° C to -I-100°C 

Maximum Allowable Package Dissipation 

atTA = 25°C"’'’"> .1.70Watts 

Maximum Solder Temperature 1.59myn (.063") 

Below Seating Plane t<5 secs . 260° C 
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CLOCK -/-15V -V1'5V -/-IBV 


DATA IN 1-5V-/- -\-1-5V /l,E 




C0ti<fK{on 

Mia 

Typ; 

Mmi 


teteck ' 

CLOCK Rate 





MHz 

tpCHi tpHt 
l^roptgafion 
delay CLOCK 
lO DATA OUT 

15pP 

Rl:==2.4Kn 




na 


Figure 1. Switching Characteristics. (Vcc = 5V, 
Ta = -40° C to +70° C) 


Mechanicai and 
Thermai considerations 

The HDSP-2010 is available in a standard 12 lead ceramic- 
glass dual in-line package. It is designed for plugging into 
DIP sockets or soldering into PC boards. The packages 
may be horizontally or vertically stacked for character 
arrays of any desired size. 

The HDSP-2010 can be operated over a wide range of 
temperature and supply voltages. Full power operation at 
Ta = 25°C (Vcc = Vb = VcoL = 5.25V) is possible by 
providing a total thermal resistance from the seating plane 
of the pins to ambient of 35°C/W/device maximum. For 
operation above Ta = 25°C, the maximum device 
dissipation should be derated above 25°C at 16mW/°C 
(see Figure 2). Power derating can be achieved by either 
decreasing Vcol or decreasing the average drive current 
through pulse width modulation of Vb. 

The HDSP-2010 display has an integral red glass lens. A 
front panel contrast filter is desirable in most actual 
display applications. Some suggested filters are Panel 
graphic Ruby Red 60, SQL Homallte H100-1605 Red and 



3M Light Control Film (louvered filters). OCLI Sungard 
optically coated glass filters offer superior contrast 
enhancement. 

Post solder cleaning may be accomplished using water, 
Freon/alcohol mixtures formulated for vapor cleaning 
processing (up to 2 minutes in vapors at boiling) or 
Freon/alcohol mixtures formulated for room temperature 
cleaning. Suggested solvents: Freon TF, Freon TE, 
Genesolv DI-15, Genesolv DE-15. 

Electrical Description 

The HDSP-2010 display provides on-board storage of 
decoded column data and constant current sinking row 
drivers for each of 28 rows in the 4 character display. The 
device consists of four LED matrices and two integrated 
circuits that form a 28-bit serial input-parallel output 
(SlPO) shift register, see Figure 5. Each character is a 
5x7 diode array arranged with the cathodes of each row 
connected to one constant current sinking output of the 
SlPO shift register. The anodes of each column are 
connected together, with the same column of each of the 
4 characters connected together (i.e. column 1 of all four 
characters are connected to pin 1). Any LED within any 
character may be addressed by shifting data to the 
appropriate shift register location and applying a voltage 
to the appropriate column. 

Associated with each shift register location is a constant 
current sinking LED driver, capable of sinking a nominal 
13.5 mA. A logical 1 loaded into a shift register location 
enables the current source at that location. A voltage 
applied to the appropriate column input turns on the 
desired LED. 

The display is column strobed on a 1 of 5 basis by loading 
7 bits of row data per character for a selected column. The 
data is shifted through the SlPO shift register, one bit 
location for each high-to-low transition of the clock. When 
the HDSP-2010 display is operated with pin 1 in the lower 
left hand corner, the first bit that is loaded into the SlPO 
shift register will be the information for row 7 of the right 
most character. The 28th bit loaded into the SlPO shift 
register will be the Information for row 1 of the left most 
character. When the 28 bits of row data for column 1 have 
been loaded into the SIPO shift register, the first column is 
energized for a time period, T, illuminating column 1 in ail 
four characters. Column 1 Is turned off and the process is 
repeated for columns 2 through 5. 



—^— 

Ta * 

— 

25“ C 






J 


1 


ReCC«VfMENDED 
^ OPCRATJNG _ 
REGION 


+20 +40 +60 +80 


+20 +40 +60 +80 


Ta - AMBIENT TEMPERATURE - °C 

Figure 2. Maximum Allowable Power 
Dissipation vs. Temperature. 


Ta - AMBIENT TEMPERATURE - °C 

Figure 3. Relative Luminous Intensity 
vs. Temperature. 


Vcol - column voltage - v 

Figure 4. Peak Column Current 
vs. Column Voltage. 
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SOLID STATE 
DISPLAYS 







CONTROL "■ 


28BiTSIPO SHIFT 
REGISTER 
DATA LOCATIONS 

1 -7 8- 14 15-21 22-28 




SERIAL 

DECODED 

^DATA 

OUTPUT 


LED I i LED 11 LED I I LED I 
MATRIX! ImATRIXI ImATRIxI iMA-nilxl 


EShShShiIi 


The time frame allotted per column is (t + T) and the 
minimum recommended refresh rate for a flicker free 
display is 100 Hz, so that (t + T) < 2 ms. If the display is 
operated at the 3 MHz maximum clock rate, it is possible to 
maintain t« T. For display strings of 24 characters or less, 
the LED on time DF will be approximately 19.4%. For 
longer display strings, operation of the display with DF 
approximately 10% will provide adequate light output for 
indoor applications. 

The 28th stage of the SlPO shift register is connected to 
the Data Output, which is designed to Interface directly to 
the Data Input of the next HDSP“2010 In the display string. 

The Vb input may be used to control the apparent 
brightness of the display. A logic high applied to the Vb 
input enables the display to be turned ON, and a logic low 
blanks the display by disabling the constant current LED 
drivers. Therefore, the time average luminous intensity of 
the display can be varied by pulse width modulation of Vb. 
For application and drive circuit information refer to HP 
Application Notes 966 and 1001. 


COLUMN DRIVE INPUTS 


Figure 5. Block Diagram of the HDSP-2010 Display 


Knowing the time period, t, to load the data Into the 
display, the LED on time duty factor, DF, may be 
determined 

5(t+T) 


High Reliability Test Program 

Hewlett-Packard provides standard high reliability test 
programs In order to facilitate the use of HP products In 
military programs. The TXV prefix Identifies a part which 
has been preconditioned and screened per Table 1. 


PART NUMBER SYSTEM 


Slandard RrddiiCt 

Witli TXV Screening 

HDSP-2010 

TXV-2010 


TABLE 1. TXV Preconditioning and Screening — 100% 



MiL-STO-aOS 

Methods 

Conditions 

;1.: Ifiternal visual Inspection 

OED Procedure 



1008 

100^*0, 24 Hfs. 

31 Temperature Cycling 

1010 

-55® C to 4-100® C, 10 Cycles 

4. CohstahT^ 

2001 

2,000 G's, Yi Orientation 

5'.';'; FlneLeaRv''' 

1014 

Condition A 

-Gross Leak-'. 

1014 

Condition C, Inspect at 100® C 


7. Electrical Test: 
(IViJcc* Icotj hi. IlN, 
VoH/Vot^^ 


8. Btirn-fn 


9. Electrical Test: 

{iv. icci Icol; hu Iih, 
VoH, Vot) 


10- External Visual 


































PACKARO 


HOSP-2416 

5X7 DOTMATRIX 
ALPHANUMERIC hosp:244o 
DISPLAY SYSTEM Hofp-ll?? 

H08P-2472 


TECHNICAL DATA MARCH 1980 


Features 


• COMPLETE ALPHANUMERIC DISPLAY SYSTEM 
UTILIZING THE HDSP-2000 DISPLAY 

• CHOICE OF 64, 128, OR USER DEFINED ASCII 
CHARACTER SET 

• CHOICE OF 16, 24, 32, or 40 ELEMENT 
DISPLAY PANEL 

• MULTIPLE DATA ENTRY FORMATS — 

Left, Right, RAM, or Block Entry 

• EDITING FEATURES THAT INCLUDE CURSOR, 
BACKSPACE, FORWARDSPACE, INSERT, 
DELETE, AND CLEAR 

• DATA OUTPUT CAPABILITY 

• SINGLE 5.0 VOLT POWER SUPPLY 

• TTL COMPATIBLE 

• EASILY INTERFACED TO A KEYBOARD OR 
A MICROPROCESSOR 


Description 


The HDSP-24XX series of alphanumeric display systems 
provides the user with a completely supported 5 x 7 dot 
matrix display panel. These products free the user’s 
system from display maintenance and minimize the 
interaction normally required for alphanumeric displays. 
Each alphanumeric display system is composed of two 
component parts: 

1. An alphanumeric display controller which consists of a 
preprogrammed microprocessor plus associated logic, 
which provides decode, memory, and drive signals 
necessary to properly interface a user’s system to an 
HDSP-2000 display. In addition to these basic display 
support operations, the controller accepts data In any 
of four data entry formats and incorporates several 
powerful editing routines. 

2. A display panel which consists of HDSP-2000 displays 
matched for luminous intensity and mounted on a P.C. 
board designed to have low thermal resistance. 

These alphanumeric display systems are attractive for 
applications such as data entry terminals. Instrumen¬ 
tation, electronic typewriters, and other products which 
require an easy to use 5x7 dot matrix alphanumeric 
display system. 



S'.-;- 

I a' 










PART NUMBER 


DESCRIPTION 


HDSP-2432 


HDSP-2440 


DIsfilay Boards _ 

H0SP~2416 Single-iine 16 character display panel 

utilizing the HDSP-2000 display 

HDSP-2424 Single-line 24 character display panel 

utilizing the HDSP-2000 display 

HDSP-2432 Single-line 32 character display panel 

utilizing the HDSP-2000 display 

HDSP-2440 Single-line 40 character display panel 

utilizing the HDSP-2000 display 

Controlier Boards __ 

HD$P-2470 HDSP-2000 display interface incorporating 

a 64 character ASCII decoder 

HDSP-2471 HDSP-2000 display interface incorporating 

a 120 character ASCII decoder 

HDSP-2472 HDSP-2000 display interface without 
ASCII decoder. Instead, a 24 pin socket 
is provided to accept a custom 128 char¬ 
acter set from a user programmed IK x 8 
_ PROM. _ 

When ordering, specify one each of the Controller Board and the 
Display Board for each complete system. 
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HDSP-2470/-2471/-2472 


Absolute Maximum Ratings 

Vcc . -0.5V to 6.0V 

Operating Temperature Range, 

Ambient (Ta) . 0°C to 70°C 

Storage Temperature Range (Ts) _ -55°C to 100°C 

Voltage Applied to any Input or Output .. -0.5V to 6.0V 
IsouRCE Continuous for any Column 

Driver . 5.0 Amps (60 sec. max. duration) 


Recommended 
Operating conditions 





Units 

Sdppiy' Voltage Vcc 

4.75 

5,25 

V 

nnt 


0.4 

mA 

' Ion , 


-20 

mA 

-I' .V •.;ioi'' ■ 


1.6 

mA 

Column On, Display ^ 


-40 

- 

‘ -. 


10,0; 

mA 

' JOR %.• 


-to 

mA 

Columni-5 ISOUBCE 


-S.O 

A 


Electrical Characteristics Over Operating Temperature Range 

(Unless otherwise specified) 


I’arameter 


Supply Current^ 


Input Threshold High (except Reset) 
Input Threshold High — Resetl^l 
Input Threshold low — AH Inputs 

Data Out Voltage 


Clock Output Voltage 


Ready, Display Data, Data Valld^ 
Column on Output Voltage 


Input Current,All Inputs Except 
Reset, Chip Select, D? 


Re^t Input Current 


Chip Select, D? Input Current 


Column Output Voltage 




fee 


VtH 


VjH 


Vtt 


VonData 


VoiCteita 


VonClk 


VotClk 


VOH 


Vot , 


IlH 


111 


IlH 


lit 


VolCOL 



Vcc = 5.26V Column On and AH 
Outputs Open 

Vcc = 5.0V ± .25V 

Vcc “ 6.0V ± .25V 

VCO “ 6.0V f .26V 

I6h “ -ZOfiA 

Vcc “ 4.75V 

foL=^ 0.4mA 

Vcc “ 4.75V 

lOH “ *1000iuA 

Vcc “ 4J5V 

lot “ tO.OmA 

Vcc « 4.75V 

IOH“-40pA 

Vcc?=4'75V 

lot *1'6m A 

Vcc “ 4J5V 

Vih=t2.4V 

Vcc « 5.25V 

vit'^;o:5y'"' ■ 

Vcc “ 5.25V 

ViH « 3,0V : 

Vcc “ 5.25V 

Vil=;o.5v 

Vcc==5.2SV 

|0 < V| < Vcc 

jlouT^-SOA 

Vcc “ 5.00V 


NOTES: 

1. See Figure 11 for total system supply current. 

2. External reset may be initiated by grounding Reset with eithera switch or open collector TTL gate for a minimum time of 
50ms. For Power On Reset to function properly, Vcc power supply should turn on at a rate > lOOV/s. 

3. Momentary peak surge currents may exist on these lines. However, these momentary currents will not interfere with 
proper operation of the HDSP-2470/1/2. 
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HDSP-2416/-2424/-2432/-2440 


Absolute Maximum Ratings 

Suppiy Voitage Vcc to Ground . -O.SV to 6.0V 

Inputs, Data Out and Vb . -O.SV to Vcc 

Column Input Voltage, Vcol . -O.SV to -I-6.0V 

Free Air Operating Temperature 

Range, .. O^Cto+SS^C 

Storage Temperature Range, Ts _ -SS°C to +100°C 


Recommended 
Operating Conditions 


Supfity \ ; 

Column If^put . ' 

Clock 

dock Tran^t^ \ 

^-Tlme 

Free Air 
Tempemture 


Symbol 1 

^-tSETUP / ' 
%(CtOCK) 


Eiectricai Characteristics Over Operating Temperature Range 

(Uniess otherwise specified) 


iPareme^r Symbol IHIfri. Typ.* ) Max. lyoltsl CondlSona 


; f^ratfiater, 

Symbol 

Mfn. 




'.''Supply Curreni 

Icc 


46n 


mA 



73n 


mA 


loot 

IBBUI 



mA 



Column Current at any Column Input 


Peak Luminous intensity per LED 
- (OiaracteT'^'viirage)'^ 


VB;Olpck or Data Input Threshold High Vih 


yiXipek or Data input Tlireahoid Low! Vjt 


Input Current Logical 1 | Ve, Clock 


Iv PEAK j 106 200 


2.0 



Data In 

IlH 

lnputriC^i^nj<|^f^^ 

Vb, Clock 

bb'llL. 

■'' ' 

Data In 

IlL 


Power Dlssipa^'oh Per Bdard'^i 




All SR Stages 
Logical 1 . ( 

V8-a.4V 


Vcc ^ 5.0V, Vcol = 3.5V 
25‘’ci%'ye 


Vcc - Vcol = 4.75V 


Vcc- 5.25V;ViH = 2.4V 


aoo. mA ^ ... 

—- ^ Vcc ^ 5,2SV, VfL * 0.4V. ' 

4p0 'b'/iA 


W Vcc ® 5.0V, Vcol j 
I 15 LEO’S on per CharactaTf 
Vb =* 2.4V 



*AII typical values specified at Vcc = 5.0V and Ta = 25®C unless otherwise noted. 

NOTES: 

1. Operation above 55° C (70° C MAX) may be achieved by the use of forced air (150 fpm normal to component side of 
HDSP-247X controller board at sea level). Operation down to -20° C is possible in applications that do not require the 
use of HDSP-2470/-2471/-2472 controller boards. 

2. n = number of HDSP-2000 packages 

HDSP-2416 n = 4 
HDSP-2424 n = 6 
HDSP-2432 n = 8 
H DSP-2440 n = 10 

3. Tj refers to initial case temperature immediately prior to the light measurement. 

4. Power dissipation with all characters illuminated. 
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System Overview 

The HDSP-2470/-2471/-2472 Alphanumeric Display 
Controllers provide the interface between any ASCII 
based Alphanumeric System and the HDSP-2000 
Alphanumeric Display. ASCII data is loaded into the 
system by means of any one of four data entry modes — 
Left, Right, RAM or Block Entry. This ASCII data is stored 
in the internal RAM memory of the system. The system 
refreshes HDSP-2000 displays from 4 to 48 characters 
with the decoded data. 

The user interfaces to any of the systems through eight 
DATA IN inputs, five ADDRESS inputs (RAM mode), a 
CHIP SELECT input, RESET input, seven DATA OUT 


outputs, a READY output, DATA VALID output, and a 
COLUMN ON output. A low level on the RESET input 
clears the display and Initializes the system. A low level on 
the CHIP SELECT input causes the system to load data 
from the DATA IN and ADDRESS Inputs into the system. 
The controller outputs a status word, cursor address and 
32 ASCII data characters through the DATA OUT outputs 
and DATA VALID output during the time the system is 
waiting to refresh the next column of the display. The 
COLUMN ON output can be used to synchronize the 
DATA OUT function. A block diagram for the HDSP- 
2470/-2471/-2472 systems Is shown in Figure 1. 



COLUMN 1-5 


DISPLAY DATA 


CLOCK 


♦ CHARACTER GENERATOR FOR HDSP-2471, 
SOCKET FOR IK X 8 PROM FOR HDSP-2472. 


Figure 1. Block Diagram for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 


The system interfaces to the HDSP-2000 display through 
five COLUMN outputs, a CLOCK output, DISPLAY DATA 
output, and the COLUMN ON output. The user should 
connect DISPLAY DATA to DATA IN of the leftmost 
HDSP-2000 cluster and cascade DATA OUT to DATA IN 
of all HDSP-2000 clusters. COLUMN outputs from the 
system are connected to the COLUMN inputs of all HDSP- 
2000 clusters. The HDSP-24XX Series display boards are 
designed to interconnect directly with the HDSP-247X 
Series display controllers. The COLUMN outputs can 
source enough current to drive up to 48 characters of the 
HDSP-2000 display. Pulse width modulation of display 
luminous intensity can be provided by connecting 
COLUMN ON to the input of a monostable multivibrator 
and the output of the monostable multivibrator to the Vb 
inputs of the HDSP-2000 displays. The system is designed 
to refresh the display at a fixed refresh rate of 100 Hz. 
COLUMN ON time is optimized for each display length in 
order to maximize light output as shown in Figure 2. 



DISPLAY LENGTH 


Figure 2. Column on Time vs. Display Length for the 
HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 





Control Mode/Data Entry 

User interface to the HDSP-247X Series controller is via an 
8 bit word which provides to the controller either a control 
word or standard ASCII data input. In addition to this user 
provided 8 bit word, two additional control lines, CHIP 
SELECT and READY, allow easily generated “handshake” 
signals for interface purposes. 


A logic low applied to the CHIP SELECT input (minimum 
six microseconds) causes the controller to read the 8 
DATA IN lines and determine whether a control word or 
ASCII data word rs present, as determined by the logic 
state of the most significant bit (D?). If the controller 
detects a logic high at D?, the state of De-Do will define the 
data entry mode and the number of alphanumeric 
characters to be displayed. 

The 8 bit control data word format is outlined in Figure 3. 
For the control word (D? high), bits De and De define the 
selected data entry mode (Left entry. Right entry, etc.) and 
bits Da to Do define display length. Bit D 4 is ignored. 

Control word Inputs are first checked to verify that the 
control word is valid. The system ignores display lengths 
greater than 1011 for left block or right, or 0111 for RAM. If 
the word is valid, the present state—next state table shown 
in Figure 4 is utilized to determine whether or not to clear 
the display. For display lengths of up to 32 characters, 
RAM entry can be used as a powerful editing tool, or can 
be used to preload the cursor. With other transitions, the 
internal data memory is cleared. 


(1) RAM ENTRY MODE IS VALID FOR DISPLAYS OF 
32 CHARACTERS OR LESS IN LENGTH. 

(2) FOLLOWING A TRANSITION FROM RAM TO 
BLOCK, WHEN THE CURSOR ADDRESS IS 48 
(30i6 ) DURING THE TRANSITION, THE FIRST 
VALID ASCII CHARACTER WILL BE IGNORED 
AND THE SECOND VALID ASCII CHARACTER 
WILL BE LOADED IN THE LEFT- MOST DISPLAY 
LOCATION. 


WHERE BEGIN IS DEFINED AS FOLLOWS: 

DISPLAY CURSOR ADDRESS 
LENGTH OF BEGIN 

4 2Ci6.44io 

8 28-10,40^0 

12 2410 , 36,0 

16 20,0,32,0 

20 1C,0,28,0 

24 18,0,24,0 

28 14,0,20,0 

32 10,0,16,0 

36 OC,0,12,0 

40 08,0, 8,0 

44 04,0 , 4,0 

48 00,0 


Figure 4. Present State-Next State Diagram for the HDSP-2470/-2471/-2472 Aiphanumeric Dispiay Controller. 


clear. PFFSCRfEN CURSOR* 30^0 


CLEAR, BLINKING 
CURSOR* BEGIN 


CLEAR. OFFSCREEN 
CUR$OR*3O,0 


CLEAR- 
BLINKING 
CURSOR^ BEGIN 



CLEAR, INVISIBLE 
CURSOR *8Edm 


CLEAR, INVISIBLE 
CURSOR “BEGIN 


CONTROL 

WORD: D^DgDgD^D3D2D.,DQ 


l|x x|-| Y Y Y Y 


Y Y Y Y 

DiSPLAY LENGTH: 

0 0 0 0 

4 DiGiTS 

0 0 0 1 

8 " 

0 0 10 

12 " 

0 0 11 

16 " 

0 10 0 

20 " 

0 10 1 

24 " 

0 110 

28 " 

0 111 

32* " 

10 0 0 

36 " 

10 0 1 

40 " 

10 10 

44 " 

10 11 

48 " 

*maximum for RAM data entry mode 

X X 

DATA ENTRY MODES 

0 0 

RAM DATA ENTRY 

0 1 

LEFT DATA ENTRY 

1 0 

RIGHT DATA ENTRY 

1 1 

BLOCK DATA ENTRY 


Figure 3. Controi Word Format for the HDSP-2470/-2471/-2472 
Aiphanumeric Dispiay Controlier. 
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If D? is a logic low when the DATA IN lines are read, the 
controller will interpret De-Do as standard ASCII data to be 
stored, decoded and displayed. The system accepts seven 
bit ASCII for all three versions. However, the HDSP-2470 
system displays only the 64 character subset [20i6 


(space) to 5 Fi 6 (—)] and Ignores all ASCII characters 
outside this subset with the exception of those characters 
defined as display commands. These display commands 
are shown in Figure 5. Displayed character sets for the 
HDSP-2470/-2471 systems are shown in Figure 6. 


DATA WORD; 

“7 °6 



^3 

^2 

''l 

°0 




ASCII ASSIGNMENT 

l° I 

A 

A 

A 

A 

A 

n 

DISPLAY COMMAND 











1 

Valid in 'i 


LF 

0 

0 

0 

1 

0 

1 

0 

CLEAR 

Right Entry 


BS 

0 

0 

0 

1 

0 

0 

0 

BACKSPACE CURSOR J 

Mode 1 

Valid i 

HT 

0 

0 

0 

1 

0 

0 

1 

FORWARDSPACE CURSOR 


> Left E 

US 

0 

0 

1 

1 

1 

1 

1 

INSERT CHARACTER 



DEL 

1 

1 

1 

1 

1 

1 

1 

DELETE CHARACTER 




Figure 5. Display Commands for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 



•DISPLAY COMMANDS WHEN USED IN LEFT ENTRY 
+DISPLAY COMMANDS WHEN USED IN RIGHT ENTRY 


Figure 6. Display Font for the HDSP-2470 (64 Character ASCII Subset), and HDSP-2471 (128 Character ASCII Set) Alphanumeric 
Display Controller. 
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Regardless of whether a control word or ASCII data word 
is presented by the user, a READY signal is generated by" 
the controller after the input word is processed. This 
READY signal goes low for 25fis and upon a positive 
transition, a new CHIP SELECT may be accepted by the 
controller. Data Entry Timing is shown In Figure 7. 


DATA ENTRY TIMING 


> ADDRESS HOLD TIME- 


-DATA HOLD TIME- 


DATA ENTRY TIME 


j ■ * IF CHIP SELECT - 0 

I _OK _J AFTER THIS TIME. 

-Z5MS-H CONTROLLER WILL 


CONTROLLER WILL 
ENTER NEXT CHARACTER. 


MAXIMUM DATA ENTRY TIMES OVER OPERATING TEMPERATURE RANGE 


DATA ENTRY MODE 


HDSP- 

DATA HOLD TIME* 

DATA 

ENTRY 

BACK 

SPACE 

CLEAR 

FORWARD 

SPACE 

DELETE 

INSERT 

LEFT (2471/2) 

135iLis 


235ms 

195ms 

505ms 

205ms 

725ms 

725ms 

LEFT (2470) 

150ms 


245ms 

215ms 

530ms 

225ms 

745ms 

735ms 

RIGHT (2471/2) 

85ms 


480ms 

470ms 

465ms 




RIGHT (2470) 

105ms 


490ms 

. 490ms 

485ms 




RAM (2471/2) 

55ms 

120ms** 

190ms 






RAM (2470) 

55ms 

130ms** 

200ms 






BLOCK (2471/2) 

55ms 


120ms 

(155ms FOR RIGHTMOST CHARACTER) 


BLOCK (2470) 

55ms 


130ms 

(165ms FOR RIGHTMOST CHARACTER) 


LOAD CONTROL (2471/2) BO/xs 


505ms 






LOAD CONTROL (2470) 50/iS 


505ms 







*Minimum time that data Inputs must remain valid after Chip Select goes low. 
**Mlnimum time that RAM address inputs must remain valid after Chip Select goes low. 


Figure 7. Data Entry Timing and Data Entry Times for the HDSP-2470/-2471/-2472 Aiphanumeric Dispiay Controiier. 
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Left Entry Mode 

With Left entry, characters are entered in typewriter 
fashion, i.e., to the right of all previous characters. Left 
entry uses a blinking cursor to indicate the location where 
the next character is to be entered. CLEAR loads the 
display with spaces and resets the cursor to the leftmost 
display location. BACKSPACE and FORWARDSPACE 
move the cursor without changing the character string. 
Thus, the user can backspace to the character to be 
edited, enter a character and then forward space the 
cursor. The DELETE function deletes the displayed 
character at the cursor location and then shifts the 
character string following the cursor one location to the 
left to fill the void of the deleted character. The INSERT 
CHARACTER sets a flag inside the system that causes 
subsequent ASCII characters to be inserted to the left of 
the character at the cursor location. As new characters are 
entered, the cursor, the character at the cursor, and all 
characters to the right of the cursor are shifted one 
location to the right. The INSERT function is terminated 
by a second INSERT CHARACTER, or by BACKSPACE, 
FORWARDSPACE, CLEAR or DELETE. In Left entry 
mode, after the display Is filled, the system ignores a^l 
characters except BACKSPACE and CLEAR. The system 
allows the cursor to be positioned only in the region 
between the leftmost display character and immediately 
to the right (offscreen) of the rightmost display character. 

Right Entry Mode 

In Right entry mode, characters are entered at the right 
hand side of the display and shifted to the left as new 
characters are entered. In this mode, the system stores 48 
ASCII characters, although only the last characters 
entered are displayed. CLEAR loads the display with 
spaces. BACKSPACE shifts the display one location to the 
right, deleting the last character entered and displaying 
the next character in the 48 character buffer. Right entry 
mode is a simple means to implement the walking or 
“Times-Square” display. FORWARDSPACE, INSERT, 
and DELETE have character assignments in this mode 
since they are not treated as editing characters. In this 
mode, the cursor is located immediately to the right 
(offscreen) of the rightmost displayed character. 

Block Entry Mode 

Block entry allows the fastest data entry rate of all four 
modes. In this mode, characters are loaded from left to 
right as with Left entry. However, with Block entry, after 
the display is completely loaded, the next ASCII character 
is loaded in the leftmost display location, replacing the 
previous displayed character. While Block entry has a 
nonvisible cursor, the cursor Is always loaded with the 
address of the next character to be entered. In this entry 
mode, the system can display the complete 128 character 
ASCI I set. The display can be cleared and the cursor reset 
to the leftmost display location by loading in a new 
BLOCK control word. 

RAM Entry Mode 

In RAM entry, ASCII characters are loaded at the address 
specified by the five bit RAM address. Due to the limitation 
of only five address lines, RAM data entry is allowed only 


for displays less than or equal to 32 characters. 
Regardless of display length, address 00 Is the leftmost 
display character. Out of range RAM addresses are 
ignored. While RAM entry has a non-visible cursor, the 
cursor is always preloaded with the address to the right of 
the last character entered. This allows the cursor to be 
preloaded with an address prior to going into any other 
entry mode. In RAM entry, the system can display the 
complete 128 character ASCII set because it does not 
Interpret any of the characters as control functions. The 
display can be cleared by loading in a new RAM control 
word. 

Data Out 

For display lengths of 32 characters or less, the data 
stored in the internal RAM is available to the user during 
the time between display refresh cycles. The system 
outputs a STATUS WORD, CURSOR ADDRESS, and 32 
ASCII data characters. The STATUS WORD specifies the 
data entry mode and the display length of the system. The 
STATUS WORD output differs slightly from the CON¬ 
TROL WORD input. This difference is depicted in Figure 8. 
Regardless of display length, the CURSOR ADDRESS of 
the rightmost character location is address 47 (2Fi6) and 
the offscreen address of the cursor is address 48 (30i6). 
The CURSOR ADDRESS of the leftmost location Is 
defined as address 48 minus the display length. A general 
formula for CURSOR ADDRESS is: 

CURSOR ADDRESS = 

(47 - Display Length) + Number of Characters from Left. 

For example, suppose the alphanumeric display is 16 
characters long and the cursor was blinking at the third 
digit from the left. Then the CURSOR ADDRESS would be 
47 - 16 + 3 or 34 (22i6) and the 18th ASCII data word would 
correspond to the ASCII character at the location of the 
display cursor. In Left and Block entry, the CURSOR 
ADDRESS specifies the location where the next ASCII 
data character is to be entered. In RAM entry, the 
CURSOR ADDRESS specifies the location to the right of 
the last character entered. In Right entry, the CURSOR 
ADDRESS is always 48 (30i6). The negative edge of the 
DATA VALID output can be used to load the 34 DATA 
OUT words into the user’s system. The DATA OUT timing 
for the HDSP-247X systems are summarized in Figure 8. 
For displays longer than 32 characters, the system only 
outputs the STATUS WORD between refresh cycles. 

Master/Power On Reset 

When power is first applied to the system, the system 
clears the display and tests the state of the DATA INPUT, 
D 7 . If D? > 2.0V, the systems loads the control word on the 
DATA INPUTS into the system. If Dj < .8V or the system 
sees an invalid control word, the system initializes as Left 
entry for a 32 character display with a flashing cursor in 
the leftmost location. For POWER ON RESET to function 
properly, the power supply must turn on at a rate > 100 V/s. 
In addition, the system can be reset by pulling the RESET 
input low for a minimum of 50 milliseconds. POWER 
ON/MASTER RESET timing is shown In Figure 9. 


272 




HDSP- COLUMN 
2470 ON—I 


HDSP- COLUMN I 
2471/-2472 ON-H K-1ms 



ASCII DATA A B 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


HDSP- COLUMN 
2470 ON. 




HDSP- 

2471/-2472 


2471/2472 VALID 


—ir“ 


A U__LL 

I STATUS I 
-•-WORD —► 


)N p—-- 

—H I^ims 


CURSOR 

address-H 

(B) 

»-500ns MIN 


-35/Lts-— 35jus - 


(A) I 


CURSOR DATA 

ADDRESS ♦U-WORD 
(B) I (O) 

•—500ns MIN 


X, COLUMN OFF TIME 

(HDSP-2470) = 30.5ns + 20iLis X Display Length 

(HDSP-2471/-2472) = 17.5/is + 17.5/is X Display Length 

Y, DATA VALID TO COLUMN OFF TIME 
(Display Length <32 Characters) 

(H DSP-2470) = 813.5/is - 20ms X Display Length 

(HDSP-2471/-2472) = 826.2ms - 17.5ms X Display Length 
STATUS WORD FORMAT (WORD A) 


RAM ENTRY 
BLOCK ENTRY 
LEFT ENTRY 
RIGHT ENTRY 


YYYY = DISPLAY LENGTH 

CURSOR ADDRESS FORMAT (WORD B) 

CURSOR ADDRESS = ( 47 - Display Length) -h No. of 
Characters from Left 
DATA WORD FORMAT (WORDS 0-31) 

STANDARD ASCII DATA Where Word (31) is Rightmost 
Displayed ASCII Character 


Dg 

Db 

D4 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 


Figure 8. Data Out Timing and Format for the HDSP-2470/-2471/*2472 Aiphanumeric Display Controller. 


DATA INPUT. D 



-2.5 MS* 

IF CHIP SELECT »0 
AFTER THIS TIME, 
CONTROLLER WILL 
ENTER A CHARACTER. 


READS IN CONTROL WORD 


INITIALIZES AS LEFT ENTRY 
MODE. 32 CHARACTER DISPLAY 
LENGTH 


Figure 9. Power-On/Master Reset Timing for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller. 
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Custom Character Sets 

The HDSP-2472 system has been specifically designed to 
permit the user to Insert a custom 128 ASCI I character set. 
This system features a 24 pin socket that is designed to 
accept a custom programmed 1K X 8 PROM, EPROM, or 
ROM. The read only memory should have an access tlme< 
500ns, liL^ |-.4mA| and Iih <40mA. A list of pin compatible 
read only memories is shown, in Figure 10. Jumper 
locations are provided on the HDSP-2472 P.C. board 
which allow the use of ROM’s requiring chip enables tied 
either to 0 or SV. For further information on ROM 
programming, please contact the factory. 

Power Supply Requirements 

The HDSP-247X Alphanumeric Display System Is 
designed to operate from a single 5 volt supply. Total Ice 
requirements for the HDSP-247X Alphanumeric Display 
Controller and HDSP-24XX Display Panel are shown In 
Figure 11. Peak Ice Is the instantaneous current required 
for the system. Maximum Peak Ice occurs for Vee = 5.26V 
with 7 dots ON in the same Column In ail display 
characters. This current must be supplied by a 
combination of the power supply and supply filter 
capacitor. Maximum Average Ice occurs for Vee = 5.25V 
with 21 dots ON per character In all display characters. 
The inclusion of a 375 X microfarad capacitor (where X Is 
the number of characters in the display) adjacent to the 
HDSP-247X Alphanumeric Display System will permit the 
use of a power supply capable of supplying the maximum 
average Icc- 





12 16 20 24 28 32 36 40 44 
DISPLAY LENGTH 


Figure 11. Maximum Peak and Average iQc f<»^ the HDSP- 
2470/71/72 Alphanumeric Display Controller and HDSP-2000 
Display. 

CONNECTORS 


■' 2 FUNCTION V 
\'CONT^OL/DAtA;5; 

''V-;i-TYPtOf 

'v': CONNECTOR 

'V\' 

Ribbda C«bfe ■" 

' " SUGGESTED 

POWER<’>^ 

-With, Locking 
- . Ramp, 

Molex P/N 09.50-3031 with 
08-S0 0106 Terminals , 

‘“,-CDfSPLAYr';; l:: 

1:;. 17 Lead 

Board to Board 

Amp P/N i-530Bob*r; ai^';':' 
available in board to cabW , 
and other cohfigut^ions r 


NOTES: 

(1) Power leads should be 18-20 gauge stranded wire. 

(2) The maximum lead length from the controller board to the 
display should not exceed 1 metre. 

(3) The suggested Amp connector is supplied with the controller. 


EXTERNAL CONNECTION* 


RT NUMBER 

MANUFACTURER 

TYPE 

CONSTRUCTION 

X 

Y 

Z 

2758 

Intel 

EPROM 

NMOS 

GND 

GND 

+5 

7608 

Harris 

PROM 

BIPOLAR-NiCr 

NC 

NC 

NC 

3628-4 

Intel 

PROM 

BIPOLAR-Si 

+5 

+5 

GND 

82S2708 

Signetics 

PROM 

BIPOLAR-NiCr 

NC 

NC 

NC 

6381 

Monolithic Mem. 

PROM 

BIPOLAR-NiCr 

+5 

+5 

GND 

6385 

Monolithic Mem. 

PROM 

BIPOLAR-NiCr 

NC 

NC 

NC 

87S228 

National 

PROM 

BIPOLAR-TIW 

+b 

+5 

GND 

93451 

Fairchild 

PROM 

BIPOLAR-NiCr 

+S 

+5 

GND 

68308 

Motorola 

ROM 

NMOS 

** 

NC 

NC 

2607 

Signetics 

ROM 

NMOS 


NC 

NC 

30000 

Mostek 

ROM 

NMOS 


+5 

NC 


* Board jumpers correspond 
to pins 18, 19 & 21 of ROM. 
** As defined by customer 


Figure 10. Pin Compatible IK x 8 Read Only Memories for the HDSP-2472 Alphanumeric Display Controller. 


Display Boards/Hardware 

The mechanical layout of the HDSP-247X Series allows 
direct mating of the controller P.C. board to a compatible 
series of display boards available from Hewlett-Packard. 
These display boards consist of matched and tested 
HDSP-2000 clusters soldered to a P.C. board. 


Included with the controller board are: 1 each Amp P/N 1- 
630500-7 board to board connector, and 4 each locking 
circuit board support nylon standoffs (Rlchco LCBS-4). 
This hardware allows the controller board to interconnect 
with any of the standard display boards. Figure 12 depicts 
correct assembly technique. 
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Assembly Steps 

1. Insert the standoffs into .151 diameter holes (noted as 
“S” on Figure 12. The long end of the standoffs should 
protrude through the controller board side. 

2. Position the controller board and display board with 
the components and displays facing out. The HP logo 
should be in the upper left corner when viewed facing 
the boards. Insert the standoffs through the mating 
holes on the display board and press the boards to¬ 
gether so that the standoffs lock In place. 

3. After the standoffs are secured, the Amp connector 
should be placed on the edge connect pads (marked 
“A” through “Q” Figure 12) at the top of the boards. 
Visual alignment of this connector may be done on the 
controller board by determining that the first connect¬ 
or contact finger is centered on the pad labeled “A”. 
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Package Dimensions 


UNLESS OTHERWISE SPECIFIED, DIMENSIONS ARE IN mm AND (INCHES) 


PIN 

DESCRIPTION 

1 

tlTlPStLftt 

2 

DATA VALID 

3 

RAM ADDRESS. Ao 

4 

DATA IN, O7 

5 

RAM ADDRESS, Ai 

6 

RRET 

7 

RAM ADDRESS, A2 

8 

DATA OUT, 006 

9 

RAM ADDRESS, A3 

10 

DATA OUT, OOs 

11 

DATA IN, Do 

12 

DATA OUT' OO4 

13 

DATA IN, D, 

14 

DATA OUT, DO3 

IS 

DATA IN, O2 

16 

DATA OUT, DO2 

17 

DATA IN, D3 

19 

DATA OUT, OO1 

19 

DATA IN, D* 

20 

DATA OUT, OOo 

21 

DATA IN, Os 

22 

READY 

23 

DATA IN, Os 

24 

COLUMN ON 

25 

RAM ADDRESS, A4 

26 

DISPLAY eLANK,VB 



19 <2.164 ±.264 

IB nji^±.oio 


glYP— m- 

— ' --uyumyiiyu pP 

ABC OE FG HI JKLMNO 0 I - . 

0HHHH 

GNO- 

I k--.. 

24 PIN 1C SOCKET (HOSP-2472 ONLY) 



I 12.294 ±.284 

T3i3r±.oio 

8.705 ±.264 

“13835 ±.010 


Figure 13. HDSP-2470A2471/-2472 


PIN 

DESCRIPTION 

A 

DISPLAY BLANK, Vg 

B,C 

COLUMN1 

D.E 

COLUMN2 

F,G 

COLUMN3 

H,l 

COLUMN4 

3,K 

COLUMNS 

L 

CLOCK 

M 

DISPLAY DATA 

N,0 

Vcc 

p,a 

GND 


4.750 DIA THRU 
(11754 HOLES 
_ 2J92 OIA. THRU 
/ (.106) 4 HOLES 




I 42.164 ±.254 

-(1.660) t.010 

6.705 ±.254 
(3645±.010 


Figure 14. HDSP-2416/-2424/-2432 
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Features 


• ALPHANUMERIC 

Displays 64 Character ASCII Set and 
Special Characters 

• 18 SEGMENT FONT INCLUDING CENTERED 
D.P. AND COLON 

• 3.56mm (0.140") CHARACTER HEIGHT 

• APPLICATION FLEXIBILITY WITH 
PACKAGE DESIGN 

8 Character Dual-ln-Line Package 
End Stackable 

Sturdy Leads on 2.54mm (0.100") Centers 
Common Cathode Configuration 

• LOW POWER 

As Low as 1.0*1.5mA Average 
Per Segment Depending on Peak 
Current Levels 

• EXCELLENT CHARACTER APPEARANCE 
Continuous Segment Font 

High On/Off Contrast 
5.08mm (0.200") Character Spacing 
Excellent Character Alignment 
Excellent Readability at 1.5 Metres 

• SUPPORT ELECTRONICS 

Can Be Driven With ROM Decoders and Drivers 
Easy Interfacing With Microprocessors and 
LSI Circuitry 

• CATEGORIZED FOR LUMINOUS INTENSITY 
Assures Uniformity of Light Output From Unit 

to Unit Within a Single Category 


18 SEGMENT 
SOLID STATE 
ALPHANUMERIC 
DISPLAY 


HDSP-B300 


TECHNICAL DATA MARCH 1980 



Description 

The HDSP-6300 is an eighteen segment GaAsP red 
alphanumeric display mounted in an 8 character dual-in¬ 
line package configuration that permits mounting on PC 
boards or in standard 1C sockets. The monolithic light 
emitting diode character is magnified by the integral lens 
which increases both character size and luminous 
intensity, thereby making low power consumption 
possible. The eighteen segments consist of sixteen 
segments for alphanumeric and special characters plus 
centered decimal point and colon for good visual 
aesthetics. Character spacing yields 5 characters per 
inch. 


Applications 

These alphanumeric displays are attractive for applica¬ 
tions such as computer peripherals and mobile terminals, 
desk top calculators, in-plant control equipment, hand¬ 
held instruments and other products requiring low power, 
display compactness and alphanumeric display capa¬ 
bility. 








Absolute Maximum Ratings 


'V':v Symbol'-' 

- Parameter' 

Win, 


-'':'>vteits:; V" 

IpiAK ' 

Peak Forward Current Per Segment : 

'OrDP CD'uratfon <4l7/iSV ' 


150 


IaVO' - . _ /, , : 

Average Current Per Segment or ; : 



■ ;imA'' 


Average power Diasipatioh Per 
-CharaQter'n'^l' 





; pperatmg Temperature, A mbient 





Sto/agp Te.mperat.ure; 

, , -40'''.'''^ 
. .1 


^05, v'-?'' 


;/'-.Re verse-Voltage, 


■ ■ ' ; ' 5, -. - 

..v'rV4:'-;4;- 


: . \ , (1/16 inbh) below seating plane, ^ . 

y,"'t ^5'.Seconds- ■; 1 





NOTES: 

1. Maximum allowed drive conditions for strobed operation are derived from Figures 1 and 2. See electrical section of operational 
considerations. 

2. Derate linearly above Ta = 50°C at 2.47 mW/°C. Pd Max. (Ta = 85°C) = 47 mW. 


Electrical/Optical Characteristics at Ta=25°C 


Symbbf 

V' ’ : Parameter ' 

T^st Condition 

Min. 





Luminous Intensity, time 

Average, Character total with 

16 Segments Illuminated £3,4] 

IPEAK 5='24mA'^ ' 

1/16 Duty Factor 

400 

1200 


' .''Mcd:', 

Vf ; 

Foryvard Voltage Per 

Segment or DP 

If - 24mA 
{One Segment On) 


1.6 

to-' 


Apeak 

Peak Wavelength 



. 656 


nm 

Ad 

Dominant Wavelength 1^1 



640 


; nm / 

Ip ; 

Reverse Current Per 

Segment or DP 

,Vr = 5V 


. 10 



R04*PIN 

i 

Thermal Resistance LED 

Junction-to-Pin per Character 



.250 


' '^c/w/'. 

Char; 


NOTES; 

3. The luminous intensity ratio between segments within a digit is designed so that each segment will have the same luminous 
sterance. Thus each segment will appear with equal brightness to the eye. 

4. Operation at peak currents of less than 7mA is not recommended. 

5. The dominant wavelength, Ad, is derived from the C.I.E. chromaticity diagram and represents that single wavelength which defines 
the color of the device, standard red. 




Figure 1. Maximum Allowed Peak Current vs. Pulse Duration. Derate derived 
operating conditions above T/^ = 50° C using Figure 2. 
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Figure 2. Temperature Derating Factor 
For Peak Current per Segment vs. 
Ambient Temperature. TjMAX =110°C 





























Figure 3. Relative Luminous Efficiency 
(Luminous Intensity Per Unit Current) 
vs. Peak Segment Current. 


Figure 4. Peak Forward Segment 
Current vs. Peak Forward Voltage. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 


A 5 A 4 


0 0 

0 1 

1 0 

1 1 


A3 A2 Ai Aq 


01 23456 789ABCDEF 


E n IBE HEFGHIJKLMND 
PEIRETUENXYZE \ J Z < 

D I ^ 3 4 5 6 1 B 9 ; ; z = . ? 

Figure 5. Typical 64 Character ASCII Set. 


0 I 

^ V ^ 

Additional-Character Font 



m SIZE 


.762 X,38 
(.030) X {.015) 



NOTES: 

1. Ait DIMENSIONS IN MItUMETRES AND {INCHES), 

2. ALL UNTOtERANCED DIMENSIONS ARE EOR REEERENCE ONLY. 

3. PIN 1 IDENTIFIED BY DOT ADJACENT TO LEAD. 
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Magnified Character 
Font Description 



d2 dl 


Figure 7. 


Operational Considerations 

ELECTRICAL 

The HDSP-6300 device utiiizes large monolithic 18 
segment GaAsP LED chips including centered decimal 
point and colon. Like segments of each digit are 
electrically interconnected to form an 18 by N array, where 
N is the quantity of characters in the display. In the driving 
scheme the decimal point or colon is treated as a separate 
character with its own time frame. A detailed discussion of 
character font capabilities, ASCII code to 18 segment 
decoding, and display drive techniques will appear in a 
forthcoming application note. 

This display Is designed specifically for strobed 
(multiplexed) operation, with a minimum recommended 
peak forward current per segment of 7.0 mA. Under 
normal operating situations the maximum number of 
illuminated segments needed to represent a given 
character is 10. Therefore, except where noted, the 


Device Pin Description 


Pin 

No. 

Function 

1 

Anode 

Segment K 

2 

Anode 

Segment Di 

3 

Anode 

Segment C 

4 

Cathode 

Digit 1 

5 

Cathode 

Digit 2 

6 

Cathode 

Digit 3 

7 

Cathode 

Digit 4 

8 

Anode 

Segment t 

9 

Anode 

Segment G 2 

10 

Anode 

Segment E 

11 

Anode 

Segment M 

12 

Anode 

Segment D 2 

13 

Anode 

Segment DP 

14 

Anode 

Segment A 2 

15 

Anode 

Segment 1 

16 : 

Anode 

Segment J 

17 ■ 

Cathode 

Digit 8 

18 

Cathode 

Digit 7 

19 

Cathode 

Digit 6 

20 

Cathode 

Digit 6 

21 

Anode 

Segment Co 

22 

Anode 

Segment Gi 

23 

Anode 

Segment B 

24 

Anode 

Segment F 

25 

Anode 

Segment H 

26 

Anode 

Segment Ai 


information presented in this data sheet is for a maximum 
of 10 segments illuminated per character.* 

The typical forward voltage values, scaled from Figure 4, 
should be used for calculating thecurrent limiting resistor 
values and typical power dissipation. Expected maximum 
Vf values for the purpose of driver circuit design may be 
calculated using the following Vf model: 

Vf = 1.85V + IPEAK (1.80) 

For 30mA < Ipeak ^ 150mA 
Vf = 1.58V + Ipeak (10.70) 

For 10mA < Ipeak < 30mA 

*More than 10 segments may be illuminated in a given character, 
provided the maximum allowed character power dissipation, 
temperature derated, is not exceeded. 
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OPTICAL AND CONTRAST 
ENHANCEMENT 

Each large monolithic chip is positioned under a separate 
element of a plastic aspheric magnifying lens producing a 
magnified character height of 3.56mm (0.140 inch). The 
aspheric lens provides wide included viewing angles of 60 
degrees horizontal and 55 degrees vertical with low off 
axis distortion. These two features, coupled with the very 
high segment luminous sterance, provide to the user a 
display with excellent readability in bright ambient light 
for viewing distances in the range of 1.5 metres. Effective 
contrast enhancement can be obtained by employing an 
optical filter product such as Panelgraphic Ruby Red 60, 
Dark Red 63 or Purple 90; SQL Homallte H100-1605 Red or 
HIOO‘1804 Purple; or Plexiglas 2423. For very bright 
ambients, such as indirect sunlight, the 3M Red 655 or 
Neutral Density Light Control Film is recommended. 


MECHANICAL 

This device Is constructed by LED die attaching and wire 
bonding to a high temperature PC board substrate. A 
precision molded plastic lens is attached to the PC board. 

The HDSP-6300 can be end stacked to form a character 
string which is a multiple of a basic eight character 
grouping. These devices may be soldered onto a printed 
circuit board or inserted into 28 pin DIP LSI sockets. The 
socket spacing must allow for device end stacking. 

Suitable conditions for wave soldering depend upon the 
specific kind of equipment and procedure used. For more 
information, consult the local HP Sales Office or Hewlett- 
Packard Components, Palo Alto, California. 
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HEWLETT 

PACKAFlIS 


18 SEGMENT 
SaiD STATE 
ALPHANUMERIC 
DISPLAY 


NDSP-6SD4 

HBSP^SOB 


TECHNICAL DATA MARCH 1980 



Features 

• ALPHANUMERIC 

Displays 64 Character ASCII Set and 
Special Characters 

• 16 SEGMENT FONT PLUS CENTERED D.P. 
AND COLON 

• 3.81mm (0.150") CHARACTER HEIGHT 

• APPLICATION FLEXIBILITY WITH 
PACKAGE DESIGN 

4 and 8 Character Dual-In-Line Packages 
End Stackable-On Both Ends for 8 Character and 
On One End for 4 Character 
Sturdy Gold-Plated Leads on 2.54mm (0.100") 
Centers 

Environmentally Rugged Package 
Common Cathode Configuration 

• LOW POWER 

As Low as 1.0-1.5mA Average 
Per Segment Depending on Peak 
Current Levels 

• EXCELLENT CHARACTER APPEARANCE 
Continuous Segment Font 

High On/Off Contrast 
6.35mm (0.250") Character Spacing 
Excellent Character Alignment 
Excellent Readability at 2 Metres 

• SUPPORT ELECTRONICS 

Can Be Driven With ROM Decoders and Drivers 
Easy Interfacing With Microprocessors and 
LSI Circuitry 

• CATEGORIZED FOR LUMINOUS INTENSITY 
Assures Uniformity of Light Output From Unit 

to Unit Within a Single Category 


Description 

The HDSP-6504 and HDSP-6508 are 3.81mm (0.150") 
eighteen segment GaAsP red alphanumeric displays 
mounted in 4 character and 8 character dual-in-line 
package configurations that permit mounting on PC 
boards or in standard 1C sockets. The monolithic light 
emitting diode character is magnified by the integral lens 
which Increases both character size and luminous 
intensity, thereby making low power consumption 
possible. The rugged package construction, enhanced by 
the back fill design, offers extended environmental 
capabilities compared to the standard PC board/lenstype 
of display package. Its temperature cycling capability is 
the result of the air gap which exists between the 
semiconductor chip/wire bond assembly and the lens. In 
addition to the sixteen segments, a centered D.P. and 
colon are included. Character spacing yields 4 characters 
per inch. 


Applications 

These alphanumeric displays are attractive for applica¬ 
tions such as computer peripherals and terminals, 
computer base emergency mobile units, automotive 
instrument panels, desk top calculators, in-plant control 
equipment, hand-held instruments and other products 
requiring low power, display compactness and alpha¬ 
numeric display capability. 
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Device Selection Guide 



Absolute Maximum Ratings 





NOTES: 

1. Maximum allowed drive conditions for strobed operation are derived from Figures 1 and 2. See electrical section of operational 
considerations. 

2. Derate linearly above Ta = 50®C at 2.17mV\//®C. Pd Max. (Ta = 85®C) = 62mW. 


Electrical/Optical Characteristics at Ta=25°C 



KPBm I Feak wavelength 


Dominant Wave^n 




Segment or DP 


Temperature Ooeffl^^ent of 
Forw^ard ' 


I Thermat peafel^nee tED dt 




Thormat tED dunotion-to^PIn 

'•maesmammm 



NOTES: 

3. The luminous Intensity ratio between segments within a digit is designed so that each segment will have the same luminous 
sterance. Thus each segment will appear with equal brightness to the eye. 

4. Operation at peak currents of less than 7mA is not recommended. 

5. The dominant wavelength, Xd, Is derived from theC.I.E. chromaticity diagram and representsthatsingle wavelength which defines 
the color of the device, standard red. 
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SOLID STATE 
DISPLAYS 





























Figure 1. Maximum Allowed Peak Current vs. Pulse Duration. Derate derived 
operating conditions above = 50°C using Figure 2. 




Ag A 4 

0 0 

0 1 
1 0 

1 1 


i-igure z. 1 emperature uerating 1 
For Peak Current per Segment vs. 
Ambient Temperature. TjMAX » 110°C 
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IPEAK - peak SEGMENT CURRENT - mA 

Figure 3. Relative Luminous Efficiency 
(Luminous Intensity Per Unit Current) 
vs. Peak Segment Current. 


1.4 1.6 1.8 2.0 

Vf - PEAK FORWARD VOLTAGE - V 

Figure 4. Peak Forward Segment 
Current vs. Peak Forward Voltage. 


For a Detailed Explanation on the Use of Data Sheet Information and Recommended 
Soldering Procedures, See Application Note 1005, Page 464. 


A 3 A 2 Ai Ao 
0 1 


4 5 6 


8 9 A B C D 


t?R3CI]ErGHIJKLMND 
PQRBTUI/IaIXYZC \ 3 / < 
" I 5 * Z ' <>* + /-./ 
D I B 3 H S E 1 B 9 : ; . = ^ 7 


Figure 5. Typical 64Character ASCII Set. 


0 I RBHBElBg 

z. ° r ^ ) 


\r 


I 


Additional Character Font 
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Package Dimensions 



NOTES; 

1. ALL DIMENSIONS IN MILLIMETRES AND (INCHES). 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 

3. PIN 1 IDENTIFIED BY INK DOT ADJACENT TO LEAD. 


Figures. HDSP-6504 Figure 7. HDSP-6508 


Magnified Character 
Font Description 


DEVICES 

HDSP-6504 

HDSP-6508 



d2 di 


Figure 8. 


Device Pin Description 


1 Fynctioo 1 

Pin 




——1 

No. 

HDSP-65CNI 

HDSP-esga I 

1 

Anode 

Segment gi 

Anode 

Segment gi 

2 

Anode 

Segment DP 

Anode 

Segment DP 

3 

Cathode 

Digit 1 

Cathode 

Digit 1 

4 

Anode 

Segment da 

Anode 

Segment da 

5 

Anode 

Segment I 

Anode 

Segment i 

6 

Cathode 

Digit 3 

Cathode 

Digit 3 

7 

Anode 

Segment e 

Anode 

Segment e 

8 

Anode 

Segment m 

Anode 

Segment m 

9 

Anode 

Segment k 

Anode 

Segment k 

10 

Cathode 

Digit 4 

Cathode 

Digit 4 

11 

Anode 

Segment di 

Anode 

Segment di 

12 

Anode 

Segment j 

Cathode 

Digit 6 

13 

Anode 

Segment Co 

Cathode 

Digit a 

14 

Anode 

Segment ga 

Cathode 

Digit 7 

16 

Anode 

Segment aa 

Cathode 

Digit 5 

16 

Anode 

Segment i 

Anode 

Segment j 

17 

Cathode 

Digit 2 

Anode 

Segment Co 

18 

Anode 

Segment b 

Anode 

Segment 92 

19 

Anode 

Segment ai 

Anode 

Segment aa 

20 

i Anode 

Segment c 

Anode 

Segment I 

21 

Anode 

Segment h 

Cathode 

Digit 2 

22 

Anode 

Segment f 

I Anode 

Segment b 

23 



Anode 

Segment ai 

24 



Anode 

Segment c 

25 



Anode 

Segment h 

26 



Anode 

Segment f 
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Operational Considerations 

ELECTRICAL 

The HDSP-6504 and -6508 devices utilize large monolithic 
16 segment GaAsP LED chips with centered decimal point 
and colon. Like segments of each digit are electrically 
interconnected to form an 18 by N array, where N is the 
quantity of characters in the display. In the driving scheme 
the decimal point or colon is treated as a separate 
character with its own time frame. A detailed discussion of 
character font capabilities, ASCII code to 18 segment 
decoding and display drive techniques appear In 
Application Note 1003. 

These displays are designed specifically for strobed 
(multiplexed) operation, with a minimum recommended 
time peak forward current per segment of 7mA. Under 
normal operating situations the maximum number of 
illuminated segments needed to represent a given 
character Is 10. Therefore, except where noted, the 
information presented in this data sheet is for a maximum 
of 10 segments illuminated per character.* 

The typical forward voltage values, scaled from Figure 4, 
should be used for calculating the current limiting resistor 
values and typical power dissipation. Expected maximum 
Vf values for the purpose of driver circuit design may be 
calculated using the following Vf model: 

Vf = 1.85V+ IPEAK (1.80) 

For: 30mA < I peak ^ 200mA 
Vf = 1.58V+ IPEAK (10.70) 

For: 10mA < Ipeak ^ 30mA 

OPTICAL AND CONTRAST 
ENHANCEMENT 

Each large monolithic chip is positioned under a separate 
element of a plastic aspheric magnifying lens, producing a 
magnified character height of 3.810mm (.150 inch). The 
aspheric lens provides wide included viewing angles of 
typically 75 degrees horizontal and 75 degrees vertical 
with low off axis distortion. These two features, coupled 

*More than 10 segments may be illuminated in a given character, 
provided the maximum allowed character power dissipation, 
temperature derated, is not exceeded. 


with the very high segment luminous sterance, provide to 
the user a display with excellent readability in bright 
ambient light for viewing distances In the range of 2 
metres. Effective contrast enhancement can be obtained 
by employing any of the following optical filter products: 
Panelgraphic: Ruby Red 60, Dark Red 63 or Purple 90; 
SGL Homallte: H100-1605 Red or H100-1804 Purple, 
Plexiglas 2423. For very bright ambients, such as Indirect 
sunlight, the 3M Light Control Film Is recommended: Red 
655, Violet, Purple or Neutral Density. 

For those applications requiring only 4 or 8 characters, a 
secondary barrel magnifier, HP part number HDSP-6505 
(four character) and -6509 (eight character), may be 
inserted into support grooves on the primary magnifier. 
This secondary magnifier increases the character height 
to 4.45mm (.175 inch) without loss of horizontal viewing 
angle (see below). 

MECHANICAL 

These devices are constructed by LED die attaching and 
wire bonding to a high temperature PC board substrate. A 
precision molded plastic lens is attached to the PC board 
and the resulting assembly is backfilled with a sealing 
epoxy to form an environmentally sealed unit. 

The four character and eight character devices can be end 
stacked to form a character string which is a multiple of a 
basic four character grouping. As an example, one -6504 
and two -6508 devices will form a 20 character string. 
These devices may be soldered onto a printed circuit 
board or inserted into 24 and 28 pin DIP LSI sockets. The 
socket spacing must allow for device end stacking. 

Suitable conditions for wave soldering depend upon the 
specific kind of equipment and procedure used. For more 
Information, consult the local HP Sales Office or Hewlett- 
Package Components, Palo Alto, California. 
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OPTIONAL 
4 DIGIT MAGNIFIER 
HD&P-6505 


OPTIONAL 
8 DIGIT MAGNIFIER 
HDSP-6509 


END VIEW 



NOTES: 

MOUNTED ON HDSP-6504 MOUNTED ON HDSP-6508 1. ALL DIMENSIONS IN 

MILLIMETRES AND (INCHES). 
2. THIS SECONDARY MAGNIFIER 
INCREASES THE CHARACTER 
HEIGHT TO 4.45mm (.175 in.) 


Figure 9. Design Data for Optional Barrel Magnifier in Single Display Applications. 
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SOLID STATE 
DISPLAYS 








HEWLETT 

PACKARD 


18 SEGMENT 

HDSP-8716 

ALPHANUMERIC 

HDSP-8724 

HDSP-8732 

DISPLAY SYSTEM 

HDSP-8740 


TECHNICAL DATA MARCH 1980 


Features 


• COMPLETE ALPHANUMERIC DISPLAY 
SYSTEM UTILIZING THE HDSP-6508 DISPLAY 

• DISPLAYS 64 CHARACTER ASCII SET 

• CHOICE OF 16, 24, 32, OR 40 ELEMENT 
DISPLAY PANEL 

• MULTIPLE DATA ENTRY FORMATS 
Left, Right, RAM, or Block Entry 

• EDITING FEATURES THAT INCLUDE 
CURSOR, BACKSPACE, FORWARDSPACE, 
INSERT, DELETE, CARRIAGE RETURN, 

AND CLEAR 

• DATA OUTPUT CAPABILITY 

• SINGLE 5.0 VOLT POWER SUPPLY 

• TTL COMPATIBLE 

• EASILY INTERFACED TO A KEYBOARD OR 
A MICROPROCESSOR 



Description 


The HDSP-87XX series of alphanumeric display systems 
provides the user with a completely supported 18 segment 
display panel. These products free the user’s system from 
display maintenance and minimize the interaction 
normally required for alphanumeric displays. 

Each alphanumeric display system consists of a 
preprogrammed microprocessor plus associated logic, 
which provides decode, memory, and drive signals 
necessary to properly interface a user’s system to an 
HDSP-6508 display. In addition to these basic display 
support operations, the controller accepts data in any of 
four data entry formats and incorporates several powerful 
editing routines. This microprocessor controller is 
mounted behind a single line display panel consisting of 
HDSP-6508 displays matched for luminous intensity. 

These alphanumeric display systems are attractive for 
applications such as data entry terminals, instrumen¬ 
tation,, electronic typewriters, and other products which 
require an easy to use 18 segment alphanumeric display 
system. 


Part Number 

Description 

HD$P-8716 

Single-line 16 Character Alphanumeric 
Display System utilizing the 

HDSP-6508 Display 

HDSP-8724 

Single-line 24 Character Alphanumeric 
Display System utilizing the 

HDSP-6508 Display 

HOSP-8732 : 

Single-line 32 Character Alphanumeric 
Display System utilizing the 

HDSP-6508 Display 

HDSP-874D 

Si ngle-l i ne 40 Character Alphanumeric 
Display System utilizing the 

H DSP-6608 Display 










HDSP-8716/-8724/-8732/-8740 


Absolute Maximum Ratings 

Vcc .. -0.5V to 6.0V 

Operating Temperature Range, 

Ambient (Ta) . 0°Cto70°C 

Storage Temperature Range (Ts). -40°C to 85°C 

Voltage Applied to any 

Input or Output . -0.5V to 6.0V 


Recommended 
Operating Conditions 


Win. Max* Units 








:ia|4 









Electrical characteristics Over operating Temperature Range 

(Unless otherwise specified 


Symbol 


HMM716/-8ra4 


A874a 


Tima Average Luminous ff^tensity 
Per 10 Segments 


Input threshold High (except Reset) 
Input Threshold High -- 
Input Threshold Low — 


Data Out» Data Valid, Ready, g , 
lleffedlj 



Input Current 


Data in^ Chip SelecL tnput Current 


Peak-Wavelength' ■ x 


Dominant \A/avelength^^^ ^ 



N s Conditions 


Vcc= 5.26V;T‘ Displayed In All 
Character Locations, All Outputs Open 


Voe^S.OV. Digit Average '$' Displayed 
In All Character Locations,. 




1ow==^r8n/i*^A."VcC *.4»76V 




VdC=6^.a5V 


Vit^^V,.Vco==S.25V 


Vih=^4V, Vcc-=5.25V 


V}l=^CL5V, Vcc=5.25V 


Vcc=$,25V 


Vii»0,5V^Vcc=5.2SV 




NOTES: 

1. The luminous intensity ratio between segments within a 

digit is designed so that each segment will have the same 
luminous sterance. Thus, each segment will appear with 
equal brightness to the eye. _ 

2. External reset may be initiated by grounding Reset with either 
a switch or open collector TTL gate for a minimum time of 
50ms. For Power On Reset to function properly, Vcc power 
supply should turn on at a rate > 100V/S. 


3. Momentary peak surge currents may exist on these lines. 
However, these momentary currents will not interfere with 
proper operation of the HDSP-8716/-8724/-8732/-8740. 

4. The dominant wavelength, \d, is derived from the C.I.E. 
chromaticity diagram and represents that single wavelength 
which defines the color of the device, standard red. 

5. All typical values at Vcc = 5.0V and Ta = 25®C unless 
otherwise noted. 
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SOLID STATE 
DISPLAYS 




























































System Overview 

The HDSP-8716/-8724/-8732/-8740 Alphanumeric Dis¬ 
play Controllers provide the interface between any ASCII 
based Alphanumeric System and the HDSP-6508 Alpha¬ 
numeric Display. ASCII data is loaded into the system by 
means of any one of four data entry modes ~ Left, Right, 
RAM, or Block Entry. This ASCII data is stored in the 
internal RAM memory of the system. The system may also 
be expanded to form multiple line panels with system to 
system control signals. 

The user interfaces to any of the system through eight 
DATA IN inputs , six AD DRESS inputs ( RAM m ode), a 
CHIP SE LECT input, RESET input, BLANK input, 
EXPAND input, six DAT A OUT out puts, a READY output, 
DATA VALID output, R EFRESH output, and CLOCK 
output. A low level on the RESET input clears the di splay 
and initializes the system. A low level on the CHIP 


SELECT input causes the system to load data from the 
DATA IN and ADDRESS inputs into the system. A special 
control word causes the controller to output a STATUS 
WORD, CURSOR ADDRESS, and a string of ASCII 
characters through the DATA OU T output s and DATA 
VALID output. A low level on the EXPAND input allows 
two or more systems to be configured for multiple line 
display panels. Pulse width modulation of display 
luminous intensity can be provided by connecting 
REFRESH to the input of a monostable multivibr ator and 
the output of the monostable multivibrator to the BLANK 
input. A 400kHz clock is provided on the CLOCK output. A 
system block diagram for the HDSP-8716/-8724/-8732/- 
8740 systems is shown in Figure 1. The system is designed 
to refresh the display at a fixed refresh rate of 100Hz. The 
display duty factor is optimized for each display length in 
order to maximize light output. 



Figure 1. Block Diagram of the HDSP*8716/-8724/-B732/*8740 Alphanumeric Display System. 


Control Mode/Data Entry 

User interface to the HDSP-87XX series controller Is via an 
8-bit word which provides to the controller either a control 
word or standard ASCII data input. In addition to thi s user 
provided 8-bit word, two additional control lines, CHIP 
SELECT and READY, allow easily generated “handshake” 
signals for interface purposes. 

A logic low applied to the CHIP SELECT input (minimum 
six microseconds) causes the controller to read the 8 
DATA IN lines and determine whether a control word or 
ASCII data word is present, as determined by the logic 
state of the most significant bit (D?). If the controller 
detects a logic high at D?, the state of De-Do will define the 
data entry mode and appropriate display length. 


The 8 bit control data word format is outlined in Figure 2. 
For the control word (Dz high), bits Ds and D 4 define the 
selected data entry mode (Left entry, Right entry, etc.) and 
bits Da to Do define display length. Bit De is ignored. 

Control word inputs are first checked to verify that the 
control word is valid. If the word is valid, the present state 
— next state table shown in Figure 3 is utilized to 
determine whether or not to clear the display. RAM entry 
can be used as a powerful editing tool or can be used to 
preload the cursor. With other transitions, the internal 
memory is cleared. The CONTROL WORD 1XXXIIXX 2 is 
used by the controller to initiate the DATA OUT function. 
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DATA ENTRY CONTROL WORD: D7 DgDg D4D3D2 D^ 


DATA OUT CONTROL WORD; 


X X DATA ENTRY MODES 
0 0 RAM DATA ENTRY 
0 1 LEFT DATA ENTRY 
1 0 RIGHT DATA ENTRY 
1 1 BLOCK DATA ENTRY 


D? De D4 D3 D, Do 


Y Y Y Y I DISPLAY LENGTH 
0 0 11 16 DIGITS HDSP-8716 

0 10 1 24 DIGITS HDSP-8724 

0 111 32 DIGITS HDSP-8732 

1 0 0 1 40 DIGITS HDSP-8740 


Figure 2. Control Word Format for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 


I POWE R ON I 
RESET/RISTf 


CLEAR, OFFSCREEN CURSOR = DISPLAY LENGTH 


CLEAR, BLINKING 
CURSOR = 00,g 


CLEAR, 
BLINKING 
CURSOR = 
00,6 


CLEAR, \ 

BLINKING CURSOR = OO^J^V ^ 

^CURSOR BECOMES INVISIBLE TrIG 

. CLEAR, INVISIBLE 

INVISIBLE -- ^LEAR, —' 

, CLEAR, INVISIBLE q. OFFSCREEN 

\ CURSOR = 00,g O Q CURSOR = 

5^0 DISPLAY y 

O {3 I LENGTH / 


CLEAR, OFFSCREEN 
CURSOR = DISPLAY LENGTH 


CLEAR, INVISIBLE 
CURSOR = OO.R 



HOME CURSOR 
AND CLEAR 


CLEAR, INVISIBLE 
CURSOR = 00,g 


Figure 3. Present State-Next State Diagram for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 


DATA WORD: D 7 Dg D^ D 4 D 3 D, Dg 

ASCII ASSIGNMENT (olxx XXXXXl 


0 0 0 1 0 0 0 
0 0 0 1 0 1 0 
0 0 0 1 0 0 1 
0 0 0 1 1 0 1 
0 0 11 111 
1111111 
0 0 0 1 oil 
0 0 0 1 1 0 0 
0 0 11 110 


BACKSPACE 
CLEAR (NEW LINE*) 
FORWARDS? ACE 
CARRIAGE RETURN 
INSERT CHARACTER 
DELETE CHARACTER 
CURSOR DOWN 
HOME & CLEAR 
CURSOR UP 


OTHERWISE, THE 7 BIT ASCII CODE 


Figure 4. Display Commands for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 
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If D? is a logic low when the DATA IN lines are read, the 
controller will interpret De-Do as standard ASCII data to be 
stored, decoded, and displayed. The system accepts the 
standard 7-bit ASCII code. However, the HDSP-87XX 
system displays only the 64 character subset |20i6 (space) 
to 5Fi 6 (t)| and ignores all ASCII characters outside this 
subset with the exception of those characters defined as 
display commands. These display commands are shown 
in Figure 4. The displayed character set for the HDSP- 
87XX system is shown in Figure 5. 


Regardless of whether a control word or ASCII data word 
is presented by the user, a READY signal is generated by 
the controller after the input word is processed. This 
READY signal goes low for 35)us and upon a positive 
transition, a new CHIP SELECT may be accepted by the 
controller. Data Entry Timing is shown in Figure 6. 
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Figure 5. Display Font for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 

DATA ENTRY TIMING 



MAXIMUM DATA ENTRY TIMES OVER OPERATING TEMPERATURE RANGE 


DATA entry mode 

'/ “'FUNCTION'' ' 

DATA 

HOLD TIME* 

DATA . , " ' P"-'- '' 

ENTRY SS . HT '- tF .. r/CR^' 'US\.rMS€R,Tr''OEL''-v'/VT 'FF'":-" R» ' ' 

LEFT, 

SINGLE 2Stii 

LEFT, 

EXPANDED 2S»s 

RIGHT 2Sfii 

RAM 2^S 1 

BLOCK 2Su$ 

CONTROL 

DATA OUT 25as 

250Mt'215pS 235iua S0S)K$ S!J»a* ZBOtii ^ “ 

mta BSOiia SAEpi 

480^1 4«0i.t» 486^1 " ^ ‘ i ’ 

220(iS 

'130as "mSiXi FOLLOWING RIGHTMOST CHARACtER) , . 

S46ps' ' > 

280ms♦ 38fYi^i8»Ht«Sn>'CONF*GUftEOpi^yL'yLEl^<3h’H^^^^ ".'Fv;/''''"'''F t- 


‘MINIMUM TIME THAT DATA INPUTS MUST REMAIN VALID AFTER CHIP SELECT GOES LOW. 
“MINIMUM TIME THAT RAM ADDRESS INPUTS MUST REMAIN VALID AFTER CHIP SELECT GOES LOW. 


Figure 6. Data Entry Timing and Data Entry Times for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 
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Left Entry Mode 

With Left entry, characters are entered in typewriter 
fashion, i.e., to the right of all previous characters. Left 
entry uses a blinking cursorto indicate the location where 
the next character is to be entered. CLEAR loads the 
display with spaces and resets the cursor to the leftmost 
display location. BACKSPACE and FORWARDSPACE 
move the cursor without changing the character string. 
Thus, the user can backspace to the character to be 
edited, enter a character and then forwardspace the 
cursor. CARRIAGE RETURN resets the cursor to the 
leftmost display location leaving the display unchanged. 
The DELETE function deletes the displayed character at 
the cursor location and then shifts the character string 
following the cursor one location to the left to fill the void 
of the deleted character. The INSERT CHARACTER sets a 
flag inside the system that causes subsetiuent ASCII 
characters to be inserted to the left of the character at the 
cursor location. As new characters are entered, the 
cursor, the character at the cursor, and all characters to 
the right of the cursor are shifted one location to the right. 
The INSERT function is terminated by a second INSERT 
CHARACTER, or by BACKSPACE, FORWARDSPACE, 
CLEAR, CARRIAGE RETURN, or DELETE. In Left entry 
mode, after the display is filled, the system ignores all 
characters except BACKSPACE, CARRIAGE RETURN, 
and CLEAR. The system allows the cursor to be 
positioned only in the region between the leftmost display 
character and immediately to the right (offscreen) of the 
rightmost display character. 

Expanded Left entry is selected by grounding the 
EXPAND input prior to RESET. Expanded Left entry mode 


allows several HDSP-87XX systems to be connected in to a 
multipl^ine pane l. Exp anded Left entry us es the ERI 
input, ELI input, LEFT input, and ACTIVE output to 
provide a handshake between each system as shown in 
Figure 7. With the proper connections, the cursor can be 
moved in a circular fashion from the end of the last line to 
the beginning of the first line, or such that it shifts 
offscreen and is lost until the next CLEAR/HOME display 
command. Expanded Left entry adds three display 
commands: CURSOR UP moves the cursor to the same 
location in the preceeding line; CURSOR DOWN moves 
the cursor to the same location in the following line; 
CLEAR/HOME loads all displays with spaces and resets 
the cursor to the leftmost display location in the first line. 
The CLEAR command in Left entry mode is replaced by 
the LINE FEED function. LINE FEED moves the cursorto 
the leftmost display location in the following line leaving 
the current line unchanged. 

Right Entry Mode 

In Right entry mode, characters are entered at the right 
hand side of the display and shifted to the left as new 
characters are entered. In this mode, the system stores 48 
ASCII characters, although only the last characters 
entered are displayed. CLEAR loads the display with 
spaces. BACKSPACE shifts the display one location to the 
right, deleting the last character entered and displaying 
the next character in the 48 character buffer. Right entry 
mode is a simple means to implement the walking or 
“Times-Square” display. In this mode, the cursor is 
located immediately to the right (offscreen) of the 
rightmost displayed character. 


D 0 


DATA IN 
CHIP SELECT 
RESET 


ALLOWS DATA ENTRY, HT, LF, INSERT, VT 



DATA VALID DATA VALID DATA VALID 


Figure 7. External Connections for Expanded Left Entry Mode for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 









Block Entry Mode 

Block entry allows the fastest data entry rate of all four 
modes. In this mode, characters are loaded from left to 
right as with Left entry. However, with Block entry, after 
the display is completely loaded, the next ASCII character 
is loaded in the leftmost display location, replacing the 
previous displayed character. While Block entry has a 
non-visible cursor, the cursor is always loaded with the 
address of the next character to be entered. The display 
can be cleared and the cursor reset to the leftmost display 
location by loading in a new BLOCK control word. 

RAM Entry Mode 

In RAM entry, ASCII characters are loaded at the address 
specified by the six bit RAM address. Regardless of 
display length, address 00 is the leftmost display 
character. Out of range RAM addresses are ignored. While 
RAM entry has a non-visible cursor, the cursor is always 


preloaded with the address to the right of the last 
character entered. This allows the cursor to be preloaded 
with an address prior to going into any other entry mode. 
The display can be cleared by loading in a new RAM 
control word. 

Power-On Reset/Reset 

When power is first applied to the system, the system 
clears the display and tests the state of the DATA INPUT, 
D?. If D 7 > 2.0\/, the system loads the control word on the 
DATA INPUTS into the system. If D 7 < 0.8V or the system 
sees an invalid control word, the system initializes as Left 
entry for a 40 character dis play with a flashing cursor in 
the leftmost locat ion. Durin g RESET , the syste m also tests 
the state of the EXPAND input. If EXPAND is low, the 
system initializes in expa nded le ft entry mode. A flow 
chart that describes the RESET function is shown in 
Figure 8. For POWER-ON RESET to function properly, the 


POWER-ON RESET/RESET 



Figure 8. Reset Sequence for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 
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power supply must turn on at a rate > 100 V/s . In addition, 
the system can be reset by pulling the RESET input lowfor 
a minim um of 50 milliseconds. POWER-ON RESET/ 
RESET timing is shown in Figure 9. 

If some entry mode or display length is desired other than 
40 character Left entry, it is necessary to either load the 


appropriate control word or p rovide a control word during 
POWER-ON RESET/RESET. The circuit shown in Figure 
10 can be used to load any desired preprogrammed 
control word into the HDSP-87XX Serie s Display 
Controller during POWER-ON RESET/RESET. 




DATA INPUT, D 7 



IF CHIP SELECT = 0 
AFTER THIS TIME, 
CONTROLLER WILL 
ENTER A CHARACTER. 


READS IN CONTROL WORD 


INITIALIZES AS LEFT ENTRY 
MODE, 40 CHARACTER DISPLAY 
LENGTH 


Figure 9. POWER-ON RESET/RESET Timing for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 



Figure 10. External Circuitry to Load a Control Word into the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System 
Upon POWER-ON RESET/RESET. 
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Data Out 

Data stored in the HDSP-87XX system is available to the 
user upon command Data Out is initiated by the control 
word IXXXIIXX 2 . Following this control word, thesystem 
outputs a STATUS WORD, CURSOR ADDRESS, and a 
string of ASCII data characters. The STATUS WORD 
specifies the data entry mode and the display length of the 
system. The STATUS WORD is the same format as a valid 
control word with D? and De deleted. The CURSOR 
ADDRESS specifies the location of the cursor within the 
display. The CURSOR ADDRESS of the leftmost display 
location is address 00. In Expanded Left entry mode, a 
CURSOR ADDRESS of 63 (SFie) is used to indicate a non¬ 
active line. The system outputs the same number of ASCII 
data characters as the display length specified by the 
control word. The first ASCII data character is always the 
leftmost display character. The positive edge of the DATA 
VALID output can be used to load the DATA OUTPUT 
words into the user’s system. The DATA OUT timing for 
the HDSP-87XX systems is summarized in Figure 11. 


Luminous Intensity Modulation 

Pulse width modulation of display luminous intensity can 
be provided by connecting the REFRESH output of the 
system to the input of a monostable multivibrator. The 
output of the m onostabl e multivibrator should then be 
connected to the BLANK input of the system. Modulation 
of display luminous intensity is then achieved by varying 
the delay of the monostabl e multivi brator with a 
potentiometer or photoresistor. REFRESH is repeated at a 
rate of 10ms divided by the configured display length. For 
example, an HDSP-8732 system, when configu red fora32 
character display length, would pulse the REFRESH 
output every 312.5^s. The circuit shown in Figure 12 may 
be utilized to provide manual control of display luminous 
intensity. Automatic control may be achieved by 
substituting an appropriate value photoconductor for 
potentio meter R i. If luminous intensity modulation is not 
desired, BLANK should be left open. 



(A) (B) 


STATUS WORD FORMAT (A) 


CURSOR ADDRESS FORMAT (B) 


Dg D 4 D 3 Dj D(J 


RAM ENTRY 
LEFT ENTRY 
RIGHT ENTRY 
BLOCK ENTRY 


Y Y Y Y = DISPLAY LENGTH 


0 0 


0 1 

1 0 

1 1 

Y Y Y Y 


CURSOR ADDRESS = NO. OF CHARACTERS 
FROM THE LEFT 


DATA WORD FORMAT (1 - N) 

LOWEST 6 BITS OF ASCII CODE 

WORD (1) = LEFTMOST DISPLAY CHARACTER 

WORD (N) = RIGHTMOST DISPLAY CHARACTER 


HDSP 

N 

-8716 

16 

-8724 

24 

-8732 

32 

-8740 

40 


Figure 11. Data Out Tinning and Format for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 
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Microprocessor Interface 

Interfacing the HDSP-87XX Series Display System to 
microprocessor systems depends on the needs of the 
particular application. Figure 13 shows a latched interface 
between the host microprocessor and the HDSP-87XX 
system. The latch provides temporary storage to avoid 
making the host microprocessor wait for the system to 
accept data. Data from the host microprocessor system is 
loaded into the 74LS273 octal register on the positive 
transition of the clock input i pin 11 1 . At the same time, the 
CHIP SELECT input is forced low. The CHIP SELECT 
input stays low until READY goes low. The host micro¬ 
processor should avoid loading new data into the 74LS273 
as long as BUSY is high. The latched jnterface can be 
implemented with an octal register and SR flip-flop if the 
HDSP-87XX system is operated in Left, Right, or Block 
entry. RAM entry requires an additional register for the 
RAM address inputs. Additional flexibility can be achieved 
by using a peripheral interface adapter (PlAi to interface 
the HDSP-87XX system to the host microprocessor 
system. The PI A provides a data entry handshake between 
the host microprocessor system and the HDSP-87XX 
system and allows the host microprocessor system to read 
the Data Output port of the HDSP-87XX system. 




H DSP-8716 ' 

HDSP-8724 

HDSP-8732/-8740 






Figure 12. External Circuitry to Vary the Luminous Intensity of the 
HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System. 



Figure 13. Latched Interface to the HDSP-87XX Series Alphanumeric Display System. 
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Package Dimensions 


148.59 ±.254 

(10.300) ±.010 



(5.850) ±.010 

137.16 ±.254 




11.43t.254 
(.450) ±.010 


(5.400) ±.010 




50.08 t.2S4 

(2.000)^.010 



58.42 -.508 
(2.300) .020 


269.24 t.508 
(10.600) ±.020 



_ 148.59 ±.254 

(5.850) ±.010 

_ 137.16 ±.254 _ 

(5.400) ±.010 



A 

HOSP-8716 

HDSP-8724 

167.64 

(6.600) 

B 

H DSP-8732 

218.44 

(8.600) 

C 

H DSP-8740 

269.24 

(10.600) 


50.08 ±.254 

(2.000) ±.010 



1 • • Rtn * *1 1 



DIA4PLC-/^ 

— 

105.41 


—GND ' * 

^Vcc 



(4.150) 

167.64 ±.508 





(6.600) ±.020 

172.34 


FUNCTION 

TYPE OF 
CONNECTOR 

SUG6ESTE0 

MANUFACTURER 

CONTROL/DATA 

ENTRY 

34 PIN 

RIBBON CABLE 

3M P/N 3414-XOOO SERIES 

P0WER<1) 

3 PIN WITH 
LOCKING RAMP 

MOLEX P/N 09-50-3031 

WITH 08-50-0106 
TERMINALS 


NOTES: (1) POWER LEAOSSHOULD BE 18-20 GAUGE STRANDED WIRE. 


H DSP-8716/-8724/-8732/-8740 




PIN 

DESCRIPTION 

1 

RAM ADDRESS, Aq 

2 

EXPAND 

3 

RAM ADDRESS, A 1 

4 

CHIP SELECT 

5 

RAM ADDRESS, Aj 

6 

DATA IN, Do 

7 

RAM ADDRESS, A 3 (ELI) 

8 

DATA IN, D, 

9 

RAM ADDRESS, A 4 (ERI) 

10 

DATA IN. Da 

11 

RAM ADDRESS, As (LEFT) 

12 

DATA IN, D 3 

13 

ACTIVE 

14 

DATA IN, D 4 

IS 

RESET 

16 

DATA IN. Ds 

17 

NO CONNECTION 


58.42 ±.508 
(2.300) ±.020 


PIN 

DESCRIPTION 

18 

DATA IN, Ds 

19 

NO CONNECTION 

20 

DATA IN, D 7 

21 

NO CONNECTION 

22 

DATA OUT, DOo 

23 

DATA OUT, OOt 

24 

DATA OUT. DOa 

25 

DATA OUT, OO 3 

26 

DATA OUT, OO 4 

27 

DATA OUT, DOs 

28 

READY 

29 

DATA VALID 

30 

400kHzCLDCKOUT 

31 

REFRESH 

32 

NO CONNECTION 

33 

DISPLAY BLANK 

34 

NOCDNNECTION 
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Features 

• 5x7 LED MATRIX CHARACTER 

Human Factors Engineered 

• BRIGHTNESS CONTROLLABLE 

• 1C COMPATIBLE 

• SMALL SIZE 

Standard 15.24mm (.600 inch) Dual In-Line 
Package; 6.9mm (.27 Inch) Character Height 

• WIDE VIEWING ANGLE 

• RUGGED, SHOCK RESISTANT 

Hermetically Sealed 
Designed to Meet MIL Standards 

• LONG OPERATING LIFE 


Description 

The Hewlett-Packard 5082-7100 Series is an X-Y addressable, 5x7 LED Matrix capable of displaying the 
full alphanumeric character set. This alphanumeric indicator series is available in 3, 4, or 5 character end- 
stackable clusters. The clusters permit compact presentation of Information, ease of character alignment, 
minimum number of interconnections, and compatibility with multiplexing driving schemes. 

Alphanumeric applications Include computer terminals, calculators, military equipment and space flight 
readouts. 

The 5082-7100 is a three character cluster. 

The 5082-7101 is a four character cluster. 

The 5082-7102 is a five character cluster. 


Absolute Maximum Ratings 


Parameter 

Symliol 


,/V 


Peak Forward Current Per LED 
(Duration tms) 

ipEAK/'',: 


100 

mA^ 

Average Current Per LED 



;;;v >■: 


Power Di^ipation Per 

Character (AO diodes lit) J 



, 700 


Operating Temperature, Case 




immi 

Stor^Temi^rature 



100 

HBBI 

Reverse Voltage Per LED 



• :4 ; ' / ■ 



Note 1: At 25°C Case Temperature; derate 8.5mW/°C above 25°C. 
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Electrical/Optical Characteristics at Tc=25°C 


Parameter 

Symbol 

Peak Luminous Intensity Per LED 
(Character Averagel @ Pulse 

Current of lOOmA/LED 

V IPSAKI 

Reverse Current Per LED @ * 4V 


Peak Forward Voltage # Pulse 

Current of 50mA/LED 


Peak Wavelength 


Spectral Line Halfwidth 


Rise and Fall Times 




Note 1. Time for a 10% - 90% change of light intensity for step change in current. 



Vp - FORWARD VOLTAGE - V 

Figure 1. Forward Current-Voltage Characteristic. 



20 40 60 80 


Tc - CASE TEMPERATURE - ®C 

Figure 2. Relative Luminous Intensity vs. Case 
Temperature at Fixed Current Level. 



.4 .6 .8 1.0 2 4 6 8 10 

AVERAGE CURRENT PER LED - mA 

Figure 3. Typical Time Average Luminous 
Intensity per LED vs. Average 
Current per LED. 



PEAK CURRENT PER LED - mA 


Figure 4. Typical Relative Luminous Efficiency vs. 
Peak Current per LED. 
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Package Dimensions and Pin Configurations 


S09ar7100/7101/7m 






1.27 CQ5) 

O'* 10** 


317 MAX. 


U.0^^^'017) V 
tVP. 


VX)»teNTAtlOf«l MA«K MfiTAL TAB 
^ ON BACK Of= $U6gtRATE \ 


6082-7101 



' OR)lNrATll»l l^lAAK MlTAl tA& 
ON SAQK'OPii^Sr-t^t-S .X4y->.s. 






1. Difn«fitidnf «r« In mlltimdtrdt aad 

a. UnlNM» d^wryrlit ipcNtiflMi, thd «M«r»oe6 <m all d*ra«n«ten» » iO.Siftwin (*.015 In,), 
3. CharaoiaN' 6.9 x4.9mt« (.27 x .19 in.). 



Device Pin Description 


1 J : 5082-7100 


Punctlon 

Pin 

Funcdon 

1 

Anode G 

12 

Anode B 

2 

1c ' 

13 

3d 

'-V'VS'"' 

Id 

14 

3b 

4 

Anode F 

15 

Anode A 

S 

Anode 8 

18 

2e 

'V6', 

:2b;''.,' 

17 

2e 

t 

2d 

18 

2d 

-■ B 

Anode C 

19 

Anode D 

9 

3a 

20 

le 

10 

3c 

21 

1b 

■;-it 

3e 

22 

la 

la 1b 1c 


6082-7101 


N/C 

1c 

1e 

Anode G 

2b 

2d 

Anode D 
Anode e 
3c 
3d 

Anode f 


5 Anode C 

6- l-^-.'vr'r 

4a 

Anode B 

3e :"t,' 

3b 

3a-": V-,;, 
26"''-: 

2c 
29; 
Anode A 




Pin Ponc^iob 

2 1c 
-.3' le 

4 Anode f 

5 2b 
8 2d 

7 2« 

8 Anode 8 

9 3c ? 
10 3e 

11 ,: Anode G 





5e;\r 

6c 

Sa 

Anod9 b 


AnodeC 

3d 

3b 

Anode B 

2c 

2a 

Anode A 


4 

b^';' ; 
a ' ' 


la 1b 1c Id le 2a 2b 2c 2d 2e 3a 3b 3c 3d 3e 4a 4b 4c 4d 


5082-7100/7101/7102 












J 







P^H 


























_ 







KHBBisnn 

















mtsmtmmmm 

















KHISeHMH 

















psBneisnna 

Ml, 

■^CHARACTER 

1 1 1 M 1 

3-^^CHARACTER 4-^^C 

.,].i-l ,1 

HARACTER 5-^ 
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Operating Considerations 


ELECTRICAL 

The 5x7 matrix of LED's, which make up each character, are X-Y addressable. This allows for a 
simple addressing, decoding and driving scheme between the display module and customer furnished 
logic. 

There are three main advantages to the use of this type of X-Y addressable array: 

1. It is an elementary addressing scheme and provides the least number of interconnection pins for the 
number of diodes addressed. Thus, it offers maximum flexibility toward integrating the display into 
particular applications. 

2. This method of addressing offers the advantage of sharing the Read-Only-Memory character generator 
among several display elements. One character generating ROM can be shared over 25 or more 5x7 
dot matrix characters with substantial cost savings. 

3. In many cases equipments will already have a portion of the required decoder/driver (timing and clock 
circuitry plus buffer storage) logic circuitry available for the display. 

To form alphanumeric characters a method called "scanning" or "strobing" is used. Information is 
addressed to the display by selecting one row of diodes at a time, energizing the appropriate diodes in 
that row and then proceeding to the next row. After all rows have been excited one at a time, the 
process is repeated. By scanning through all rows at least 100 times a second, a flicker free character 
can be produced. When information moves sequentially from row to row of the display (top to bottom) 
this is row scanning, as illustrated in Figure 5. Information can also be moved from column to column 
(left to right across the display) in a column scanning mode. For most applications (5 or more charac¬ 
ters to share the same ROM) it is more economical to use row scanning. 

A much more detailed description of general scanning techniques along with specific circuit recommen¬ 
dations is contained in HP Application Note 931. 

MECHANICAL/THERMAL MOUNTING 

The spttd state display typically operates with 200mW power dissipation per character. However, if the 
operating conditions are such that the power dissipation exceeds the derated maximum allowable value, 
the device should be heat sunk. The usual mounting technique combines mechanical support and thermal 
heat sinking In a common structure. A metal strap or bar can be mounted behind the display using 
silicone grease to insure good thermal control. A well-designed heat sink can limit the case temperature 
to within 10°C of ambient. 
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High Reliability, Military Parts 

Hewlett-Packard product designs and manufacturing 
methods assure our ability to supply high reliability pro¬ 
ducts patterned after MIL-S-19500 and MIL-M-38510 pro¬ 
grams. Testing programs may include 100% screening 
tests with precap visual, lot qualification or both. 
Programs performed to customer drawings and specifi¬ 
cations are available and strictly follow their control 
documents and procedures. 


PROGRAM CAPABILITIES 




Available Programs* 

HERMETIC PRODUCTS 

Lot Qual. 

100% Screen 

100% Screen 
and Lot Qual. 

Lamps Meet MIL-S-19500 

JAN 

— 

JANTX 

Displays Using Hybrid Die 

Configuration Patterned to Class B 
of MIL-M-38510 


TXV 

TXVB 

Optocouplers Using Hybrid Die 

Configuration Designed Against 

Class B of MIL-M-38510 


TXV 

TXVB 

Optocouplers with Controls of 

MIL-M-38510 Class S 

X 

X 

X 

Special Optocoupler Assemblies 
with Testing Patterned to 

Class B or S or MIL-M-38510 

X 

X 

X 

NON HERMETIC PRODUCTS 




All Products to Customer Test 

Programs Designed Against 

MIL-S-19500 or MIL-M-38510 Class B 

X 

X 

X 


•Testing program details vary between products based on device design objectives, product history and capabilities. 
— Not Available 
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Hewlett-Packard Componerits have three types of 
package sealing methods to meet different customer 
needs in the market. The recommended high reliability 
part is packaged in a conventional glass to glass, glass to 
metal seal or equivalent sealing technique using ceramic. 
These products are impervious to moisture and meet 
- hermeticity testing to prescribed levels. 

In addition to our hermetic products, Hewlett-Packard 
makes units which use an epoxy seal. These units are also 
capable of passing hermeticity testing and can be utilized 
in those high reliability applications with limited moisture 
exposure over long periods. 


Hewlett-Packard’s emphasis on reliability extends across 
commercial and high reliability markets. As part of our 
new product introduction and periodically during the life 
of a part, samples from typical manufacturing lots are 
subjected to qualification testing. The data obtained from 
these tests indicates reliability levels maintained by the 
product family and is assembled periodically into 
Reliability Summary data sheets. Copies may be obtained 
from your local Hewlett-Packard field sales office. 


A third package type is also non-hermetic using complete 
epoxy encapsulation material to form both the package 
structure and outline. These products are often used In 
non man rated ground support programs and successfully 
pass customer lot acceptance qualification testing and 
100% screening programs designed for plastic com¬ 
ponents. 

The optional tests in the following recommended 
screening sequence for non-hermetic devices are based 
on package configuration, point of assembly and 
customer preference. The conditions for all selected tests 
are product design dependent and are based on absolute 
maximum ratings. 



Test Sequence 

MIL-STD-883 

Method 

MIL-STD-750 

Method 

Non-Hermetic 

Program 

1. Pre Cap Visual 

HP Procedure 

HP Procedure 

Optional 

2. High Temperature Storage 

1008 

1031 

100 Percent 

3. Temperature Cycling 

1010 

1051 

Optional 

4. Constant Acceleration 

2001 

NA 

Optional 

5. Fine Leak 

1014 

1071 

Optional 

6. Gross Leak 

1014 

1071 

Optional 

7. Interim Electrical/Optical Tests 

- 

- 

Optional 

8. Burn In 

1015 

1038 

100 Percent 

9. Final Electrical/Optical Tests 

- 

— 

100 Percent 

10. Delta Drift Measurements 

— 

— 

Optional 

11. External Visual 

2009 

2071 

100 Percent 
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Hermetically Sealed and High Reliability LED Lamps 


Device 


Package Outline Drawing 


Part No. 


Description 


Colorful 


Package 


Lens 


Minimum 

Luminous 

Intensity 


201/2 11] 


Typical 

Forward 

Voltage 


Page 

No. 




in 





IN 5765 
JAN1N5765f5] 
JANTX1N5765 15) 


Red 

(655 nm) 


Hermetic/T0-46f'*^ 


Red 

Diffused 


0.5 mcd @20mA 


IN 6092 

JAN lN6092t5] 
JANTX 1N6092f5] 


High 

Efficiency 

Red 

(635 nm) 


1.0 mcd @ 20mA 


1N6093 

JAN 1N6093t5] 
JANTX 1N60931^] 


Yellow 
(583 nm) 


Yellow 

Diffused 


IN6094 

JAN 1N6094f5] 

JANTX lN6094t5] 


Green 
(565 nm) 


Green 

Diffused 


0.8 mcd @ 25mA 


5082-4787 
HLMP-0930f5^ 
HLM P-0931 ® 


Red 

(655 nm) 


Panel Mount 
Version^^^ 


Red 

Diffused 


0.5 mcd @ 20mA 


5082-4687 

M 19500/519-01® 
M 19500/519-02® 


High 

Efficiency 

Red 

(635 nm) 


1.0 mcd @20mA 


5082-4587 
M 19500/520-01® 
M 19500/520-02® 


Yellow 
(583 nm) 


Yellow 

Diffused 


5082-4987 
M 19500/521-01® 
M 19500/521-02® 


Green 
(565 nm) 


Green 

Diffused 


0.8 mcd @ 25mA 


1.6 Volts 
@20mA 


2.0 Volts 
@ 20mA 


2.1 Volts 
@ 20mA 


1.6 Volts 
@ 20mA 


2.0 Volts 
@ 20mA 


2.1 Volts 
@ 20mA 


See page 309 for notes. 
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Hermetic Optocouplers 


Device 


Description 


Application 


Typical 
Data Rate 
(NRZ) 


Current 

Transfer 

Ratio 


Specified 

Input 

Current 


Withstand 

Test 

Voltape 


Page 

No. 


CATHOOEi 1 
ANODEi 2 


CATHODEjS 

ANOOE 26 


lAVoi 
13 

>4«Vo2 


6N134 


6N134TXV 


Dual Channel 
Hermetically Sealed 
Optically Coupled 
Logic Gate. 

TXV - Screened 
TXVB - Screened 
with Group B 
Data 


Line Receiver, 
Ground Isolation for 
High Reliability 
Systems 


10M bit/s 


400% Typ. 


10mA 


IBOOVdc 


90 


6N134TXVB 



6N140 


6N140TXV 


6N140TXVB 


Hermetically Sealed 
Package Containing 
4 Low Input Current, 
High Gain Optocouplers 
TXV - Hi-Rel 
Screened 
TXVB - Hi-Rel 
Screened with 
Group B Data 


Line Receiver, Low 
Power Ground 
Isolation for High 
Reliability Systems 


300k bit/s 


300% Min. 


0.5mA 


ISOOVdc 


94 



4N55 


4N55TXV 


4N55TXVB 


Dual Channel 
Hermetically Sealed 
Analog Optical 
Coupler 
TXV - Hi-Rel 
Screened 
TXVB - Hi-Rel 
Screened with 
Group B Data 


Line Receiver, 
Analog Signal 
Ground Isolation, 
Switching Power 
Supply Feedback 
Element 


700k bit/s 


7% Min. 


16mA 


IBOOVdc 


98 


Hermetically Sealed Integrated LED Displays 


Device 

Description 

Package 

Application 

Page 

No. 


□ 



5082-7010 

6.8mm (.27") 5x7 Single Digit 
Numeric, LHDP, Built-In 
Decoder/Driver 

8 Pin Hermetic 

2.54mm (.100") Pin 
Centers 

• Ground, Airborne, 

Shipboard Equipment 

• Fire Control Systems 

• Space Flight Systems 

241 


5082-7011 

6.8mm (.27") Plus/Minus 

Sign 


jTUrLf-U-l. 

TJTJULT 

\ 


5082-7391 

7.4mm (.29") 4x7 Single Digit 
Numeric, RHDP, Built-In 
Decoder/Driver/Memory 

8 Pin Hermetic 

15.2mm (.6") DIP 
with Gold Plated Leads 

• Ground, Airborne, 

Shipboard Equipment 

• Fire Control Systems 

• Space Flight Systems 

• Other High Reliability 

Applications 

247 

5082-7392 

7.4mm(.29") 4x7 Single Digit 
Numeric, LHDP, Built-In 
Decoder/Driver/Memory 


5082-7395 

7.4mm(.29") 4x7 Single Digit 
Hexadecimal, Built-In 
Decoder/Driver/Memory 

5082-7393 

7.4mm(.29") Overrange 
Character Plus/Minus Sign 


NOTES: 


1. 0 y 2 is the off-axis angle at which the luminous intensity is half the axial luminous intensity. 

2. Peak Wavelength. 

3. For Panel Mounting Kit, see page 171. 

4. PC Board Mountable. 

5. Military Approved and qualified for High Reliability Applications. 


For Applications Information, 
see page 311. 
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Below is a complete listing of all of the Optoelectronic Applications Information available. For those items 
which were not included in this catalog, a brief abstract is shown. These are available in theirentirety from your 
local HP Sales Office or nearest HP Components Franchised Distributor or Representative. 


APPLICATION BULLETINS 


Model/Pub. No. 
(Date) 

Description 

Ref. 

AB-1/5952-8378 

(1/75) 

Construction and Performance 
of High Efficiency Red, Yellow 
and Green LED Materials 

Abst. 

AB-3/5952-8380 

(3/75) 

Soldering Hewlett-Packard 

Silver Plated Lead Framed 

LED Devices 

P. 315 

AB-4/5952-8381 

(4/75) 

Detection and Indication of 
Segment Failures in 7-Segment 
LED Displays 

Abst. 

AB-52/5953-0330 

(3/77) 

Large Monolithic LED 

Displays 

Abst. 

AB-54/5953-0363 

(7/77) 

Mechanical Handling of Sub¬ 
miniature LED Lamps and 

Arrays 

Abst. 

AB-56/5953-0415 

(11/79) 

Interface Timing and Display 
Length Expansion Information 
for the HDSP-2000 Coded 

Data Controller 

P. 319 

AB-57/5953-0418 

(1/80) 

Flux Budget Considerations 
for Fiber Optic Link Design 

P. 323 


APPLICATIONS MANUAL 


Model/Pub. No. 
(Date) 

Description 

Ref. 

HPBK-1000 

Optoelectronics Applications 

Abst. 

McGraw-Hill 

Manual 


(No. 0-07-028605-1) 



(1977) 





APPLICATION NOTES 


Modei/Pub. No. 
(Date) 

Description 

Ref. 

AN-915/5953-0431 

(4/80) 

Threshold Detection of Visible 
and Infrared Radiation with 

PIN Photodiodes 

P. 326 

AN-931/5952-0235 
(11/70) 

Solid State Alphanumeric 
Display, Decoder/Driver 
Circuitry 

Abst. 

AN-934/5952-0337 

(11/72) 

5082-7300 Series Solid State 
Display Installation 

Techniques 

Abst. 

AN-937/5952-0396 

(5/73) 

Monolithic 7-Segment LED 
Display Installation 

Techniques 

Abst. 

AN-939/5952-0331 

(11/72) 

High Speed Optically Coupled 
Isolators 

Abst. 

AN-941/5952-0418 
(9/73) 

5082-7700 Series 7-Segment 
Display Applications 

P. 332 

AN-945/5952-0420 
(10/73) 

Photometry of Red LEDs 

Abst. 

AN-946/5952-0429 

(11/73) 

5082-7430 Series Monolithic 
7-Segment Displays 

Abst. 

AN-947/5952-8497 

(7/76) 

Digital Data Transmission 

Using Optically Coupled 
Isolators 

Abst. 

AN-948/5952-0458 

(3/74) 

Performance of the 5082- 
4350/51/60 Series of Isolators 
in Short to Moderate Length 
Digital Data Transmission 
Systems 

P. 343 

AN-951-1/5953-0413 
(11/79) 

Applications for Low Input 
Current, High Gain Optically 
Coupled Isolators 

P. 352 

AN-951-2/5952-8451 
(5/76) 

Linear Applications of 

Optically Coupled Isolators 

P. 356 

i 

AN-964/5952-8345 

(3/75) 

Contrast Enhancement 
Techniques 

P. 360| 

AN-966/5953-0427 

(2/80) 

Applications of the HDSP-2000 
Alphanumeric Display 

P. 368 

AN-1000/5953-0391 

(11/78) 

Digital Data Transmission 
with the HP Fiber Optic 

System 

P. 380 

AN-1001/5953-0384 
(10/78) 

Interfacing the HDSP-2000 
to Microprocessor Systems 

P. 398 

AN-1002/5953-0385 
(6/79) 

Consideration of CTR 

Variations in Optically Coupled 
Isolator Circuit Designs 

P. 414 

AN-1003/5953-0405 

(9/79) 

Interfacing 18-Segment 

Displays to Microprocessors 

P. 430 

AN-1004/5953-0406 

(11/79) 

Threshold Sensing for Indus¬ 
trial Control Systems with the 
HCPL-3700 Interface 
Optocoupler 

P. 450 

AN-1005/5953-0419 

(3/80) 

Operational Considerations 
for LED Lamps and Display 
Devices 

P. 464 
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Abstracts 


APPLICATION BULLETIN 1 
Construction and Performance of High Effi¬ 
ciency Red, Yellow and Green LED Materials 

The high luminous efficiency of Hewlett- 
Packard’s High Efficiency Red, Yellow and 
Green lamps and displays Is made possible by 
a new kind of light emitting material utilizing a 
GaP transparent substrate. This application 
bulletin discusses the construction and 
performance of this material as compared to 
standard red GaAsP and red GaP materials. 

APPLICATION BULLETIN 4 

Detection and Indication of Segment Failures 

in Seven Segment LED Displays 

The occurrence of a segment failure in certain 
applications of seven segment displays can 
have serious consequences If a resultant 
erroneous message is read by the viewer. This 
application bulletin discusses three techniques 
for detecting open segment lines and 
presenting this information to the viewer. 

APPLICATION BULLETIN 52 
Large Monolithic LED Displays 

The trend to incorporate more complex 
functions into smaller package configurations 
that are portable and battery powered is 
reaching a point where the limiting items are 
the space and power constraints Imposed upon 
the display at the operator-to-machine 
interface. The large monolithic LED display 
has been designed to meet many of these 
constraints. This application bulletin describes 
the beneficial features of a large monolithic 
LED display and presents circuits which 
interface the display to CMOS logic and to a 
microprocessor. 

APPLICATION BULLETIN 54 
Mechanical Handling of Subminiature LED 
Lamps and Arrays 

The Need for Careful Mechanical Handling 

Hewlett-Packard manufactures a series of 
individual LED lamps and lamp arrays that are 
very small epoxy encapsulated devices. These 
devices are classified as having a 
SUBMINIATURE package configuration. When 
carefully installed on a printed circuit board, 
these devices will reliably function with a long 
predictable operating life. 


To obtain long operating life, these 
subminiature devices must be carefully 
installed on the printed circuit board in such a 
manner as to insure the integrity of the 
encapsulating epoxy. This will In turn maintain 
the Integrity of the device by not permitting 
mechanical and thermal stresses to induce 
strains on the LED die attach and wire bonds 
which may cause failure. 

This application bulletin describes the 
subminiature package assembly, the package’s 
mechanical limitations and offers specific 
suggestions for proper installation. 

APPLICATION NOTE 931 

Solid State Alphanumeric Display...Decoder/ 

Driver Circuitry 

Hewlett-Packard offers a series of solid state 
displays capable of producing multiple 
alphanumeric characters utilizing 5x7 dot 
arrays of GaAsP light emitting diodes (LED’s). 
These 5x7 dot arrays exhibit clear, easily read 
characters. In addition, each array Is X-Y 
addressable to allow for a simple addressing, 
decoding, and driving scheme between the 
display module and external logic. 

Methods of addressing, decoding and driving 
information to such an X-Y addressable matrix 
are covered In detail in this application note. 
The note starts with a general definition of the 
scanning or strobing technique used for this 
simplified addressing and then proceeds to 
describe horizontal and vertical strobing. 
Finally, a detailed circuit description is given 
for a practical vertical strobing application. 

APPLICATION NOTE 934 
5082-7300 Series Solid State Display 
Installation Techniques 

The 5082-7300 series Numeric/Hexadecimal In¬ 
dicators are an excellent solution to most 
standard display problems In commercial, in¬ 
dustrial and military applications. The unit 
integrates the display character and associated 
drive electronics In a single package. This 
advantage allows for space, pin and labor cost 
reductions, at the same time Improving overall 
reliability. 

The Information presented In this note 
describes general methods of incorporating the 
-7300 into varied applications. 
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Abstracts 

APPLICATION NOTE 937 
Monolithic Seven Segment LED Display 
Installation Techniques 

The Hewlett-Packard series of small end- 
stackable monolithic GaAsP displays are 
designed for strobing, a drive method that 
allows time sharing of the character generator 
among the digits in a display. 

This Application Note begins with an 
explanation of the strobing technique, followed 
by a discussion of the uses and advantages of 
the right hand and center decimal point 
products. 

Several circuits are given for typical appli¬ 
cations. Finally, a discussion of Interfacing to 
various data forms is presented along with 
comments on mounting the displays. 

APPLICATION NOTE 939 

High Speed Optically Coupled Isolators 

Often designers are faced with the problem of 
providing circuit isolation In order to prevent 
ground loops and common mode signals. 
Typical devices for doing this have been 
relays, transformers and line receivers. 
However, both relays and transformers are low 
speed devices, incompatible with modern logic 
circuits. Line receiver circuits are fast enough, 
but are limited to a common mode voltage of 3 
volts. 

In addition, they do not protect very well 
against ground loop signals. Now Optically 
Coupled Isolators are available which solve 
most isolation problems. 

This Application Note contains a description of 
Hewlett-Packard’s high speed isolators, and 
discusses their applications In digital and 
analog systems. 

APPLICATION NOTE 945 
Photometry of Red LEDs 

Nearly all LEDs are used either as discrete 
indicator lamps or as elements of a segmented 
or dot-matrix display. As such, they are viewed 
directly by human viewers, so the primary 
criteria for determining their performance is 
the judgment of a viewer. Equipment for 
measuring LED light output should, therefore, 
simulate human vision. 

This Application Note will provide answers to 
these questions: 


1. What to measure (definitions of terms) 

2. How to measure It (apparatus arrancfement) 

3. Whose equipment to use (criteria for 
selection) 

APPLICATION NOTE 947 

Digital Data Transmission Using Optically 

Coupled Isolators 

Optically coupled isolators make ideal line 
receivers for digital data transmission 
applications. They are especially useful for 
elimination of common mode interference 
between two Isolated data transmission 
systems. This application note describes 
design considerations and circuit techniques 
with special emphasis on selection of line 
drivers, transmission lines, and line receiver 
termination for optimum data rate and 
common mode rejection. Both resistive and 
active terminations are described In detail. 
Specific techniques are described for 
multiplexing applications, and for common 
mode rejection and data rate enhancement. 


OPTOELECTRONICS APPLICATIONS 
MANUAL (HPBK-1000) 

The commercial availability of the Light 
Emitting Diode has provided electronic sys¬ 
tem designers with a revolutionary component 
for application In the areas of Information 
display and photocouplers. 

Many electronic engineers have encountered 
the need for a resource of information about 
the application of and designing with LED 
products. This book is Intended to serve as an 
engineering guide to the use of a wide range of 
solid state optoelectronic products. 

The book is divided into chapters covering 
each of the generalized LED product types. 
Additional chapters treat such peripheral 
information as contrast enhancement tech¬ 
niques, photometry and radiometry, LED 
reliability, mechanical considerations of LED 
devices, photodiodes and LED theory. 

This book can be purchased from a Hewlett- 
Packard franchised distributor or from the 
McGraw-Hill Publishing Company. A com¬ 
plete listing of all HP Components franchised 
distributors can be found on pages 472-474. 


314 






INTRODUCTION 

Since the price of gold has increased several times over 
past years, the cost of a gold plated lead frame has 
increased substantially above the cost of a silver plated 
lead frame. The impact of this increase in cost has been 
industry wide. 

By using silver plating, no additional manufacturing 
process steps are required. Silver has excellent electrical 
conductivity. LED die attach and wire bonding to a silver 
lead frame is accomplished with the same reliability as 
with a gold lead frame. Also, soldering to a silver lead 
frame provides a reliable electrical and mechanical solder 
joint. Soldering silver plated lead frame LED devices into a 
printed circuit board is not more complicated than 
soldering LED devices with gold plated lead frames. This 
application bulletin offers some suggestions on how to 
solder HP silver plated lead frame LED devices. 

THE SILVER PLATING 

The silver plating process is performed as follows: The 
lead frame base metal is activated (cleaned) and then 
plated with a copper strike, nominally 50 microinches 
'(0.00127mm) thick. Then a minimum 150 microinch 
^(0.00381 mm) thick plating of silver is added. A 
“brightener” is usually added to the silver plating bath to 
insure an optimum surface texture to the silver plating. 
The term “brightener” comes from the medium bright 
surface reflectance of the silver plate. 

Since silver is porous with respect to oxygen, the copper 
strike acts as an oxygen barrier for the lead frame base 
metal. Thus, oxide compounds of the base metal are 
prevented from forming underneath the silver plating. 
Copper readily diffuses into silver forming a solution that 
has a low temperature eutectic point. The interdiffusion 
between the copper strike and the silver overplate 
improves the solderability of the overall plating system. If 
basic soldering time and temperature limits are not 
exceeded, a lead frame base metal-copper-silver-solder 
metallurgical bonding system will be obtained. 

THE EFFECT OF TARNISH 

Silver reacts chemically with sulfur to form the tarnish, 
silver sulfide (Ag 2 S). The build-up of tarnish isthe primary 
reason for poor solderability. However, the density of the 
tarnish and the kind of solderflux used actually determine 


the solderability. As the density of the tarnish increases, 
the more active the flux must be to penetrate and remove 
the tarnish layer. Some recommended fluxes and 
cleaner/surface conditions are discussed in the “Solder, 
Flux and Cleaners” section. 

STORAGE AND HANDLING 

The best technique for insuring good solderability of a 
silver plated lead frame device is to prevent the formation 
of tarnish. This is easily accomplished by preventing the 
leads from being exposed to sulfur and sulfur compounds. 
The two primary sources of sulfur are free air and most 
paper products such as paper sacks and cardboard 
containers. The best defense against the formation of 
tarnish Is to keep silver lead frame devices in protective 
packaging until just prior to the soldering operation. One 
way to accomplish this is to store the LED devices 
unwrapped in their original packaging as received from 
HP. For example, Hewlett-Packard ships its seven 
segment display products in plastic tubes which are 
sealed air tight in polyethylene. It is best to leave the 
polyethylene intact during storage and open just prior to 
soldering. 

Listed below are a few suggestions for storing silver lead 
frame devices. 

1. Store the devices in the original wrapping unopened 
until just prior to soldering. 

2. If only a portion of the devices from a single tube are to 
be used, tightly re-wrap the plastic tube containing the 
unused devices in the original or a new polyethylene 
sheet to keep out free air. 

3. Loose devices may be stored in zip-lock or tightly 
sealed polyethylene bags. 

4. For long term storage of parts, place one or two 
petroleum napthalene mothballs Inside the plastic 
package containing the devices. The evaporating 
napthalene creates a vapor pressure inside the plastic 
package which keeps out free air. 

5. Any silver lead frame device may be wrapped in “Silver 
Saver” paper for positive protection against the 
formation of tarnish. “Silver Saver” is manufactured by: 

The Orchard Corporation 

1154 Reco Avenue 

St. Louis, Missouri 63126 (312) 822-3888 
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6. To reduce shelf storage time, it will be worthwhile to 
use inventory control to insure that the devices first 
received will be the first devices to be used. 

One caution: The adhesives used on pressure sensitive 
tapes such as cellophane, electrical and masking tape 
can soak through silver protecting papers and may 
leave an adhesive film on the leads. This film reduces 
solderability and should be removed with freon T-P35, 
freon T-E35 or equivalent prior to soldering. 

SOLDER, FLUX AND CLEANERS 

The solder most widely used for soldering electronic 
components into printed circuit boards is Sn60 (60% tin 
and 40% lead) per federal standard QQ-S-571. Two 
alternates are the eutectic composition Sn63 and the 2% 
silver solder Sn62. 

As the device leads pass through the solder wave of a flow 
solder process, the tin in the solder scavenges silver from 
the silver plating and forms one of two silver-tin 
intermetallics (AgeSn or AgsSn). This silver in the molten 
solder should not be considered a contaminant. As the 
silver content increases, the rate of scavenging decreases 
and the probability of obtaining the desired base metal- 
copper-silver-solder metallurgical system is improved. The 
result is that the silver content in solder, which reaches a 
maximum of 2-1/2% in Sn60 at 230°C, aids in producing 
reliable solder joints on silver plated lead frames. 

Solder flux classifications per federal standard QQ-S-571, 
listed in order of increasing strength, are as follows: 

Type R: Non-Activated Rosin Flux 
Type RMA: Mildly Activated Rosin Flux 
Type RA: Activated Rosin Flux 
Type AG: Organic Acid Flux, Water Soluble 

Suggested applications of these flux types with respect to 
various tarnish levels are as follows: 

Silver plated lead frames that are clean, contaminant and 
tarnish free may be soldered using a Type R flux such as 
Alpha 100. 

Minor Tarnish 

Since some minor tarnish or other contaminant may be 
present on the leads, a type RMAfluxsuch as Alpha 611 or 
611 Foam, Kester 197 or equivalent is recommended. 
Minor tarnish may be identified by reduced reflectance of 
the ordinarily medium bright surface of the silver plating. 
Type RMA fluxes which meet MIL-F-14256 are used in the 
construction of telephone communication, military and 
aero space equipment. 

Mild Tarnish 

For a mild tarnish, a type RA flux such as Alpha 711-35, 
Alpha 809 foam, Kester 1544, Kester 1585 or equivalent 
should be used. A mild tarnish may be identified by a light 
yellow tint to the surface of the silver plating. 

Moderate Tarnish 

A type AC water soluable flux such as Alpha 830, Alpha 
842, Kester 1429 or 1429 foam, Lonco 3355 or equivalent 
will give acceptable results on surface conditions up to a 
moderate tarnish. A moderate tarnish may be identified by 
a light yellow-tan color on the surface of the silver plating. 

if a more severe tarnish is present, such as a heavy tarnish 
identified by a dark tan to black color, a cleaner/surface 


conditioner must be used. Some possible cleaner/surface 
conditioners are Alpha 140, Alpha 174, Kester 5560, and 
Lonco TL-1. The immersion time for each cleaner/surface 
conditioner will be just a few seconds and each is used at 
room temperature. For example. Alpha 140 will remove 
severe tarnish almost upon contact; therefore, the 
immersion time need not exceed 2 seconds. These 
cleaner/surface conditioners are acidic formulations. 
Therefore, thoroughly wash all devices which have been 
cleaned with a cleaner/surface conditioner in cold water. 
A hot water wash will cause undue etching of the surface 
of the silver plating. A post rinse in deionized water is 
advisable. 

CAUTION: These cleaner/surface conditioners may etch 
exposed glass and may have a detrimental effect upon the 
glass filled encapsulating epoxies used in optoelectronic 
devices. Complete immersion of an optoelectronic device 
into a surface conditioner solution is NOT recommended. 
For best results, immerse only the tarnished leads and do 
not expose the encapsulating epoxy to the solutions. 

The cleaning of printed circuit boards after soldering is 
important to remove ionic contaminants and increase 
circuit reliability. When a Type RMA or Type RA flux is 
used, vapor clean with an azeotrope of fluorocarbon F113 
and approximately 15% alcohol by weight. Some 
equivalent products are Allied Chemical Genesolve 
DI-15/DE-15, Blaco-Tron DE-15/DI-15 and Arklone K. A 
Type RMA or Type RA flux is a mixture of basic Type R 
rosin flux and an organic acid. The fluorocarbon F113 
removes the residual rosin and the alcohol removes the 
residual active ions. Room temperature cleaning may be 
accomplished by using Freon T-E35, T-P35 or equivalent. 
When a Type AC flux is used, wash thoroughly with water. 
Specific cleaning processes are suggested in the 
soldering process section. 

SOLDERING PROCESS 

Before the actual soldering begins, the printed circuit 
boards and components to be soldered should be free of 
dirt, oil, grease, finger prints and other contaminants. 
Fluorinated cleaners such as Freon T-P35 may be used to 
preclean both the printed circuit boards and LED devices. 
Operators may wear cotton gloves to prevent finger 
prints when loading components into the printed circuit 
boards. 

If the silver lead frames have acquired an unacceptable 
layer of tarnish, remove this tarnish layer with a 
cleaner/surface conditioner just prior to soldering. Since 
a cleaner/surface conditioner does slightly etch the 
surface of the silver plating, the silver leads are now more 
susceptible to tarnish formation. Therefore, use a 
cleaner/surface conditioner only on those silver lead 
frame devices which will be soldered within a four hour 
time period. The effect of various tarnish levels on the 
choice of flux is discussed in the previous section. 

Many of Hewlett-Packard’s LED Lamps and Display 
products have a soldering specification of 230°C (446° F) 
for a maximum time period of 5 seconds. Therefore, in a 
flow solder operation adjust the solder temperature and 
belt speed to conform to this specification, or as is 
specified on the device data sheet. The flow solder 
operation may now proceed in a normal fashion. For best 
results, any one single lead should be immersed in molten 
solder for as short a time period as possible. At a solder 
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temperature of 230°C (446°F), Sn60 solder will dissolve 
silver at the rate of 60 microinches per second. Therefore, 
with an initial silver plating thickness of 150 microinches, 
an immersion time of 2 seconds will provide the desired 
lead base metal-copper-silver-solder metallurgical sys¬ 
tem. At a solder temperature of 260°C (500° F), Sn60 
solder will dissolve silver at the rate of 80 microinches per 
'second. These dissolving rates decrease as the silver 
content increases in the molten solder bath. 

Post cleaning of soldered assemblies when a type RMA or 
Type RA flux has been used may be accomplished via a 
vapor cleaning process in a degreasing tank, using an 
azeotrope of fluorocarbon F113 and alcohol as the 
cleaning agent. A recommended method is a 15 second 
suspension in vapors, a 15 to 30 second spray wash in 
liquid cleaner, and finally a one minute suspension in the 
vapors. When a water soluableTypeACflux such as Alpha 
830 or Kester 1429/1429F is used, the following post 
cleaning process is suggested: thoroughly wash with 
water, neutralize using Alpha 2441 or Kester 5760 or 
Kester 5761 foaming, then thoroughly wash with water 
and air dry. 

CAUTION: The useoftetrachloro-di-fluoroethane(F112), 
acetone, trichloroethylene, MEK, carbon tetrachloride 
and similar solvents as cleaning agents is NOT 
recommended, as these cleaners will attack or dissolve 
the epoxies used in optoelectronic devices. 


A WORD ABOUT PRINTED CIRCUIT BOARDS 

Printed circuit boards, either single sided, double sided or 
multilayer, may be manufactured with plated through 
holes with a metal trace pad surrounding the hole on both 
sides of the printed circuit board. The plated through 
hole is desirable to provide a sufficient surface for the 
solder to wet, and thereby be pulled up by capillary 
attraction along the lead through the hole to the top of the 
printed circuit board. This provides the best possible 
solder connection between the printed circuit board and 
the leads of the LED device. 

SOLDERED LEADS 

Figure 1 illustrates an ideally soldered lead. The amount of 
solder which has flowed to the top of the printed circuit 
board is not critical. A sound electrical and mechanical 
joint is formed. 

Figure 2 illustrates a soldered lead which is undesirable. 


LED DEVICE 


METALLIZATION 

PAD 



Figure 1. Ideally Soldered Lead 


LED DEVICE 



Figure 2. Undesirable Soldered Lead 
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INTERFACE TIMING AND DISPLAY LENGTH EXPANSION 
INFORMATION FOR THE HDSP-2000 CODED DATA CONTROLLER 


The HDSP-2000 CODED DATA CONTROLLER shown in 
Application Note 1001 is a versatile circuit and is easily 
modified to multiplex any display length. This Application 
Bulletin contains the key timing information and a detailed 
explanation of how the circuit ‘ operates. With this 
information, it should be a straightforward exercise to 
expand the display to any desired length. Included in this 
Application Bulletin are designs for 32, 64, and 128 
character displays. The ASCII to 5x7 decoder table within 
the Motorola MCM6674 ROM has also been shown. This 
decoder table can be stored within a Bipolar PROM if 
faster speeds are required. 

The circuit shown in Figure 2 shows a CODED DATA 
CONTROLLER designed for a 32 character HDSP-2000 
alphanumeric display. The key waveforms shown in 
Figure 1, labeled @ (D , and (3) , are shown to 
simplify the analysis of this circuit. Label ® is the 1MHz 
clock. Label (2) is the output of 7404 pin 2 which is the 
inverted Qd output of the 74197. Label (3) is the output 
of the 7404 pin 6 which Is the ANDed output of 2 Qb, 2Qc, 
and 2 Qd of the 74393. The Motorola 6810 RAM stores 32 
bytes of ASCII data which is continuously read, decoded, 
and displayed. The ASCII data from the RAM is decoded 


by the Motorola 6674 128 character ASCII decoder. The 
6674 decoder has five column outputs which are gated to 
the Data Input of the display via a 74151 multiplexer. 
Strobing of the display is accomplished via the 74197, 
74393, and 7490 counter string. The 74197 is connected as 
a divide by 8 counter that sequentially selects the seven 
rows within the 6674. As shown by waveform (§) , the 
74197 also enables seven clock cycles to be gated to the 
clock input of the display. The 74393 Is a divide by 256 
counter connected so that the five lowest order outputs 
select each of the 32 ASCII characters within the RAM. 
The three highest order outputs determine the relation¬ 
ship between load time and column on time. When 2 Qb = 
2Qc = 2 Qd = 1 of the 74393, waveform (3) goes to a 
logical 1. The circuit then scans 32 characters from the 
RAM and serializes the column data by counting through 
each of the seven rows of the 6674 and gating the 
appropriate column of the display. During the seven 
counts when 2 Qb, 2Qc, and 2 Qd of the 74393 are not equal 
to a logical 1, the column data is displayed, as shown in 
waveform @ . Since only one column can be on at a 
single moment, the highest possible column on time is 1/5 
or 20%. Thus, the column on time of the display in Figure 2 
is (20%) (7/8) or 17.5%. 
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Figure 1. Timing information for the 32 Character HDSP-2000 CODED DATA CONTROLLER 
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Changing the display length to 64 characters is a simple 
modification. This configuration can be easily realized by 
disconnecting 2Qb of the 74393 from the 7410 and 
connecting it through the remaining tri-state buffer on the 
74LS367 and using the 6810 RAM to store 64 ASCII 
characters. By leaving only 2Qc and 2Qd attached to the 
7410, the column on time of the display Is reduced from 
17.5% to 15%. This reduction Is caused because the 
relationship between actual column on time and 
theoretical column on time Is 3/4 as opposed to 7/8 for the 
32 characters. Since the display length has been doubled, 
the drive transistors must be upgraded to handle the 
higher column currents. 

To implement a 128 character display, several modifi¬ 
cations are needed. These changes are incorporated into 
the circuit in Figure 5. First, the input clock frequency has 
been Increased to 2 MHz. This has been done to maintain a 
refresh rate of approximately 100 Hz for each digit, thus 
providing a flicker-free display. This higher speed of 
operation causes propagation delay problems within the 
MCM6674 (NMOS) whose maximum access time is 350ns. 
For this reason, the MCM6674 must be replaced by a faster 
Bipolar PROM. Refer to Figure 3 for a list of 1 Kx8 PROMs 
that will function correctly in the circuit. From this list, the 
82S2708 (maximum access time of 70ns) has been 
implemented. If this PROM is programmed with the code 
listed in Figure 4, it will decode a characterfont identical to 
the MCM6674. This same propagation delay problem is 
present with the MCM6810 RAM. Following worst case 
design procedures, the MCM68A10 1.5 MHz RAM should 
be used. To accommodate the additional address line 
made necessary by the display length expansion, the two 
74LS367 tri-state buffers have been replaced with the 
74LS244 octal version. Strobing of the display is 
accomplished using the 74197, 74393, and 7490 counter 
string. The 74197 is connected as a divide by 8 counter 
that sequentially selects the seven rows within the 


82S2708. The 74393 is a divide by 256 counter connected 
so that the seven lowest outputs select each of the 128 
ASCII characters within the RAM. The previously unused 
input A/output Qa of the 7490 has been used as an 
additional divide by 2 counter. Thus, when the highest 
output of the 74393, 2Qd, and the Qa output of the 7490 are 
NANDed through 7437, the basic relationship between 
load time and column on time is established. However, the 
external gating that has been added does affect the 
column on time slightly. Although these additional gates 
increase the total package count by one, they perform the 
necessary function of ensuring that the column drivers are 
turned off before the clock is gated to the display. This 
prevents noise from being generated on the clock of the 
display and eliminates erroneous display data. The 
resultant column on time is (23/32) (1/5) or 14.4%. The 
final modification made concerns the necessary column 
current needed to drive the display. Since the HDSP-2000 
is rated at lcoi(max) = 410 mA and there are 32 modules of 
four digits each, the transistors must source up to (32) 
(410 mA) or approximately 13A. Darlington PNP power 
transistors (2N6285) with the proper resistors have been 
used to accomplish this task. 


Part 

Number 

Manufacturer 

Construction 

7608 

Harris 

Bipolar — 

NiCr 

3628-4 

Intel 

Bipolar — 

Si 

82S2708 

Signetics 

Bipolar — 

NiCr 

6381 

Monolithic Memory 

Bipolar — 

NiCr 

6385 

Monolithic Memory 

Bipolar — 

NiCr 

825228 

National 

Bipolar — 

TiW 

93451 

Fairchild 

Bipolar — 

NiCr 


Figure 3. 1Kx8 PROMs for Use in the HDSP-2000 CODED 
DATA CONTROLLER 
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Figure 4. 82S2708 PROM Listing 
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Figure 5. 6800, 8080A, and Z-80 Interface to the 128 Character HDSP-2000 CODED DATA CONTROLLER 
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APPLICATION BULLETIN 57 



This application bulletin is intended to supplement Appli¬ 
cation Note 1000. Basic information on flux budgeting 
with specific examples using the Hewlett-Packard HFBR- 
1002 Fiber Optic Transmitter, HFBR-2001 Fiber Optic 
Receiver, and HFBR-3000 Series Fiber Optic Cable/Con¬ 
nector Assemblies is presented. 

To determine the performance of a fiber optic system, 
three main areas must be considered: 

Transmitter Output Optical Flux 
Receiver Input Sensitivity 
System Insertion Losses 

When designing a fiber optic system, an analysis that 
includes temperature, humidity, and voltage variations 
will require using the minimum transmitter output flux 
and corresponding minimum receiver input sensitivity to 
ensure the performance of the fiber optic system for the 
environmental conditions of the system. 


Transmitter Output Optical Flux 

*The transmitter output optical flux, (0j), is usually ex¬ 
pressed in microwatts (//w). For convenience In system 
calculations, the output flux can be expressed in dBm, 
allowing ail system calculations to be algebraic summa¬ 
tions. 

When changing microwatts to dBm, the output optical flux 
is referenced to one milliwatt (1000/iW). 

c/>t( uW) 

Transmitter Output Flux, 0j(dBm) = 10 log — 

(0o = 1000//W) 


Receiver Input Sensitivity 

The receiver input sensitivity is the minimum input flux 
that will produce a particular Bit Error Rate (BER) at a 
specified baud rate. The receiver sensitivity is a function of 
its internal noise and bandwidth. The receiver sensitivity, 
0R , may be expressed in microwatts or in dBm for 
convenience in system calculations. 

<^d( juW) 

Receiver Input Sensitivity, 0p(dBm) = 10 log —■ > 
{0Q = 1000//W) 


System Insertion Loss 

The system insertion loss is defined as the total of all 
losses of optical flux in the transmission path. The losses 
at the connector interfaces are caused by reflections, 
differences in fiber diameter, N.A., and fiber alignment. 
The system insertion loss also includes losses in the fiber 
due to scattering and absorption. Each loss is subscripted 
to correspond to its location In the system and the loss Is 
expressed in decibels. For a worst case design, values 
should be used taking temperature, humidity, etc. into 
account for the maximum loss. 

A typical system insertion loss Includes: 

Transmitter to Cable/ 

Connector Assembly 

Steady State Fiber Losses 

Cable/Connector Assembly 
to Receiver 

Connector to Connector 
Splice 

Directional Coupler 
Star Coupler 

Flux Budget 

The flux budget calculation is a method of comparing the 
ratio of transmitter optical flux and receiver sensitivity to 
the total loss of the system. 

The System Flux Ratio is the ratio of transmitter output 
flux to the receiver input sensitivity and is expressed in 
decibels. 

System Flux Ratio, app(dB) = 10 log 

If the transmitter output flux and receiver sensitivity are 
already expressed in dBm, the System Flux Ratio is merely 
the difference between 0j and 0p. 

System Flux Ratio, appidB) = 0T(ciBm) - 0p(dBm) 

The System Insertion Loss, asL(clB), is then computed by 
summing the individual element losses In the transmission 
path. 

aSL(dB) = Sai(dB) 


— ajC (dB) 

— ao«£(dB/km* length) 

“ o!qp (dB) 

— «cc (dB) 

— «s (dB) 

— «DC (dB) 

— ofsc (dB) 
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For a system to work satisfactorily, the losses must not 
exceed the System Flux Ratio. The Flux Margin, is the 
difference between the System Flux Ratio, app, and the 
System Insertion Loss, asL- For a system to operate, the 
flux margin must be greater than zero. 

Q'M(dB) = 0:FR(dB) - Q!sL(dB) 
o;M(dB)>0 


Some designs may require a specific flux margin to 
account for losses that may increase with time, or to 
“design-in” a safety margin. 


Sample Flux Budget Calculation 


DATA SHEET PARAMETERS 

MIN 

TYP 

MAX 

UNITS 

NOTES 

HFBR-1002 

Transmitter 

Output Optical 

Flux 

50 

100 


/iW 

* 


-10 


dBm 

HF8R-2001 

Receiver 

Input Optical 

Sensitivity 

0.8 

0.5 


fMI 

* 


-33 


dBm 

HFBR-3000 Series 
Cable/Connector 

Insertion 

Loss 

Length 

Dependent 


7 

10 

dB/km 

*A = 620nm 9. > 300m 

Fixed 


5.4 

8.4 

dB 

*A “ 820nm 9 < 300m 


*NOTE; Guaranteed specifications 0°C-70°C, ±5% Voltage, 10-^ BER @ 10 Mbaud. 


A sample “flux budget” calculation is presented for a 
Hewlett-Packard 1000 metre point-to-point fiber optic 
system. The system uses a Hewlett-Packard HFBR-1002 
Transmitter, HFBR-2001 Receiver, and an HFBR-3000 
series 1000 metre Cable/Connector Assembly with no 
intermediate connector or splice. 

£ = 1000m 


HFBR 1002 □ [ 


HFBR-3000 SERIES CABLE/CONNECTOR 


□ HFBR'2001 


The insertion loss may be easily expressed as the 
difference between two measurable quantities: 

0j — Transmitter Output Flux 

(p^— Flux Measured at the end of a cable of length,g 


HFBft-1002 

□ 

HFBR-3000 SERIES CABLE/CONNECTOR 

i:..:...,:. :.''.r* 

FLUX METER 


'a 

TC On • £ aCR 



ajg (dB) = 0T(clBm) - 0£(dBm) 


1. System Flux Ratio 


The System Flux Ratio is the ratio of the transmitter 
output flux to the receiver input sensitivity. 


System Flux Ratio, app = 

10 log = 10 log 

0r(mW) 


50mW 

O.SmW 


= 18dB 


OR ttpR = 0j(dBm) - 0R(dBm) = -13dBm - (-31dBm) 
= 18dB 


2. System Insertion Loss 

«SL = = “TC + «0 • ^ + «CR 

The loss from the Transmitter to Cable, ajc. is not 
directly measurable and is shown as a “typical” value 
on the HFBR-1002 data sheet. 

More easily measurable and convenient to state is a 
maximum insertion lossfrom theTransmittertotheend 
of a connectored cable of length,C, called aTj 2 ,for use in 
system flux budgeting calculations. The insertion loss 
then includes ajc-1*^® loss of the cable, and acR- This 
approach is convenient for systems where the propa¬ 
gation characteristics of the cable have not reached a 
steady state, and values of both ajc ®nd q^q are a 
function of the cable length. 


Using this measurement method, under worst-case 
conditions, the maximum insertion loss is 15.4dBfora 
Hewlett-Packard 1000 metre fiber optic system. 


The System Insertion Loss can then be expressed^s: 


Q!SL ~ ~ 15.4dB 


3. System Flux Margin 

Flux Margin, is the difference between the System 
Flux Ratio and the System Insertion Loss. 

Flux Margin = System Flux Ratio-System Insertion 
Loss 


«M ■ O^FR “ «SL 

= 18.063-15A6B 
aiy/i = +2.6dB 

In this example, the Flux Margin, represents the 
worst case margin: 0~70°C, 10"^ BER @ lOMbaud for 
a 1000 metre system. 
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Graphical Representation 

The insertion loss for a Hewlett-Packard point-to-point 
system (using the HFBR-1002, HFBR-2001, and HFBR- 
3000 Series Cable/Connector) can be represented graphi¬ 
cally. The graph is a convenience for readily determining 
the flux margin for systems less than 1000 metres and also 
is a guide for determining the flux margin available when 
splices, connectors, and couplers are a proposed part of a 
fiber optic system. 

For the HFBR-1002 Transmitter and the HFBR-3000 series 
Cable/Connector Assembly steady state propagation oc¬ 
curs at distances greater than 300 metres from the 
transmitter. Therefore the system insertion loss for a 
Cable/Connector Assembly less than or equal to 300 
metres is defined as a single insertion loss, ap(dB). For 
lengths greater than 300 metres the system insertion loss 
is composed of two parts: 1) the fixed loss, aF(dB), £ < 300 
metres; and 2) a length dependent loss, Q!o(clB/Km), the 
linear cable attenuation, valid where optical flux is in 
equilibrium (£> 300m). 

Two cases will be graphed, one using typical data sheet 
values, the second using worst case insertion losses. 

1. Typical System Insertion Loss 

«SL = «F (typ) , (g<300m) 

asL = 5.4dB 

«SL = (typ) + «o (typ) * (“ 300) , (g > 300m) 

aSL = 5.4dB + 0.007 (dB/m) • [ £ (m) - 300] 


2 . 


Typical Flux Ratio 
ttpR = 10 log 


lOO/xW 

0.5/xW 


= 23dB 


3. Worst Case Insertion Loss 

«SL = «F (max), ( £< 300m) 
ofsL “ 8.4dB 


«SL = “F (max) + (Xo (max) • (£-^ 300) ,(£> 300m) 

asL = 8.4dB + 0.010 (dB/m) [£ (m) - 300] 

4. Worst Case Flux Ratio 

«FR=10log Ig =18dB 

As shown on the graph, the Flux Margin is the number 
of dB between the System Flux Ratio line and the 
System Insertion Loss. Hewlett-Packard system per¬ 
formance (worst case*) guarantees a minimum Flux 
Margin at 1000 metres of 2.6dB, while typical per¬ 
formance is greater than 12dB. For a 300 metre system 
worst case Flux Margin is 9.6dB and typical per¬ 
formance is greater than 17dB. 

As demonstrated by the graph, the H-P system can be 
expected to function at distances considerably beyond 
1000 metres under typical operating conditions. 

*0-70°C, 10-® BER @ lOMbaud 


325 



WklM HEWLETT 

PACKARD ^ 

_ A 

(VPPUCATION NOTE 915 

Threshold Detection of Vij 
and Infrered^^R^^ 
vwth WN Photod 

iibli 

1 

1 

e 


Traditionally, the detection and demodulation of ex- • 
tremely low level optical signals has been performed with 
multiplier phototubes. Because of this tradition, solid-state 
photodetectors are often overlooked even though they have 
a number of clear functional advantages and in some appli¬ 
cations provide superior performance as well. Some of these 
advantages are summarized below and become even more 
apparent in the following discussion. 


ADVANTAGES OF PIN PHOTODIODES VERSUS 
MULTIPLIER PHOTOTUBES 

1. Size and weight: 

PIN photodiodes are approximately three orders of 
magnitude smaller and lighter. This greatly simplifies 
and reduces the cost of mounting. 

2. Power Supply: 

Multiplier phototubes require more than 1000 volts, 
which must be precisely regulated and divided among 
the dynodes. By comparison, PIN photodiodes and asso¬ 
ciated amplifiers operate stably on less than 20 volts, 
which does not require precise regulation. 

3. Co.st: 

The cost, including that of the necessary amplifier, is 
lower for the PIN photodiode because of lower power 
supply requirements. 

4. Spectral Response: 

Broad skirts of the PIN photodiode make it useful 
from the ultra-violet, through the visible, and well into 
the infrared region. This exceeds the range of any 
other device of comparable sensitivity. 

5. Sensitivity: 

Noise equivalent power of the PIN photodiode is 
lower than that of any other type of photodetector. 
The signal levels are extremely low, however, and to 
achieve low level performance they require a high gain, 
high input resistance amplifier. Multiplier phototubes 
have built-in gain and do not require additional low- 
noise amplification. Moreover, the high input resistance 
needed for sensitive performance precludes fast re¬ 
sponse, whereas the response time of multiplier photo¬ 
tubes may be in the nanosecond region even in the 
sensitive mode. 


6. Stability: 

The characteristics of noise, responsivity, and spectral 
response of the PIN photodiode are not dependent on 
time, temperature, or other environmental considera¬ 
tions. The same conditions may be hazardous to mul¬ 
tiplier phototubes. 

7. Overloading: 

In the presence of excessive signal, multiplier photo¬ 
tubes of comparable sensitivity are capable of destroy¬ 
ing themselves as a result of excessive output current. 
The PIN photodiode is unaffected by exposure to room 
light or even direct sunlight. 

8. Ruggedness: 

PIN photodiodes can tolerate exposure to extreme lev¬ 
els of shock and vibration. Typical shock capability is 
1500 G’s for 0.5 millisecond. 

9. Magnetic Fields: 

Multiplier phototube gain is affected by fields as small 
as one gauss. If the interfering field is fluctuating, the 
output will be modulated by it. The PIN photodiode 
is insensitive to magnetic fields. 

10. Precision: ' 

The responsivity of the PIN photodiode is inherently 
precise and repeatable. Within a given type, the char¬ 
acteristics agree (from unit to unit) within plus or 
minus 0.1 decade. Responsivity of multiplier photo¬ 
tubes may vary over more than a decade from one unit 
to another. 

11. Sensitive Area: 

The small sensitive area of the PIN photodiode makes 
it unnecessary to establish an aperture which may be 
required for some applications. However, in some ap¬ 
plications good optical alignment is imposed by the 
small area. 


PIN PHOTODIODE DETECTORS 

At the present time a variety of different types of solid- 
state photodetectors are available. Of these, the Silicon PIN 
Photodiode has the broadest applicability and is the subject 
of this note. The PIN photodiode’s main advantages are; 
broad spectral response, a wide dynamic range, high speed, 
and extremely low noise. With appropriate terminal cir¬ 
cuits it is well suited for many applications that require 
converting an optical signal to an electrical signal. The 
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present discussion, however, will be limited to the descrip¬ 
tion of the PIN photodiode’s threshold detection sensitivity 
and the design of suitable terminal circuits that will realize 
this capability. 

PHOTODIODE DESCRIPTION 
Construction 

A brief description of the PIN photodiode will be help¬ 
ful in understanding its performance and the principles for 
designing appropriate circuits to be used with it. Figure 1 
shows a typical construction of the PIN photodiode. This 
figure is for the purpose of explanation only and is not to 
scale. The relative proportions have been deliberately dis¬ 
torted for the sake of clarity. 

The PIN structure is produced by diffusion through an 
oxide (Si 02 ) mask which also serves to protect the surface. 
Since most metals are very opaque to optical radiation, es¬ 
pecially at infrared wavelengths, the gold contact is de¬ 
posited only around the perimeter of the P-layer, and the 
gold contact pattern provides for lead attachment a short 
distance away from the junction region, so the lead is not in 
the light path. 

Mode of Operation 

When a photon is absorbed by the silicon it produces a 
hole and an electron. If the absorption of the photon oc¬ 
curs in the I-layer, as shown in Figure 1, the hole and the 
electron are separated by the electric field in the I-layer. 
For the highest quantum conversion efficiency (electrons 
per photon) it is desirable to have the P-layer as thin as 
possible and the I-layer as thick as possible. The thickness 
of the P-layer also determines the value of the parasitic 
series resistance (Rs in Figure 2). The thinner the P-layer 
the higher the Rg. Since Rg affects high frequency perform¬ 
ance there is therefore a design trade-off between quantum 
efficiency and bandwidth. Once the trade-off is settled, the 
desired thickness is then controlled during the diffusion 
process. The effective thickness of the I-layer is controlled 
partly by the manufacturing diffusion process and partly by 
the magnitude of the electric field applied to the diode— 
the higher the field, the thicker will be the effective I-layer. 
It is therefore desirable to operate the diode with an 
external reverse bias, as shown in Figure 2. As the reverse 
bias voltage is increased from zero, there are three bene¬ 
ficial effects: hole and electron transit time decreases; con¬ 
version efficiency increased slightly; and most importantly, 
the capacitance decreases sharply with bias up to about ten 
volts and continues to decrease slightly up to about twenty 
volts reverse bias. 


PHOTON 



PIN 




ip 



Figure 2. PIN Photodiode Schematic Symbol, and 
Equivalent Circuit 


In the presence of optical signals there is a slight modula¬ 
tion of the shunt conductance as the presence of photon- 
produced holes and electrons in the I-layer modulate its 
conductivity. This effect can be quite significant at very high 
levels of illumination since the I-layer may become saturated, 
resulting in a decrease in quantum efficiency and an increase 
in rise time. Saturation can be prevented by applying a very 
high reverse bias voltage (up to 200 volts). However, such 
a high voltage, applied over a long period of time, may 
cause a degradation of the diode’s leakage properties. Since 
our present concern is with threshold performance, reverse 
bias voltages greater than twenty volts need not be con¬ 
sidered. 

Equivalent Circuit 

When properly biased, the PIN photodiode can be accu¬ 
rately represented by the equivalent circuit shown in Figure 
2. Here ip is the external current resulting when the diode is 
illuminated. It has a time constant of 10 picoseconds and 
a value of approximately 0.5 amp per watt of input at a 
wavelength of 8000 angstroms (800 nanometers). This 
corresponds to a quantum efficiency of 75%, that is, 0.75 
electrons per photon. The quantum efficiency is constant 
from 500 nanometers to 800 nanometers (5,000 A to 
8,000 A). 

i^ is the noise current of thq PIN photodiode. Since the 
diode is reverse biased, the shot noise formula is applicable, 
so that the noise current can be computed from: 

^=2qW (1) 

where B = system output bandwidth, Hz 

q = electron charge, 1.6 X 10“*® coulombs 
Idc — dc current. Amp. 
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In the case of the photodiode, I(jc is simply the dark cur¬ 
rent, Ir, which has a value determined by the construction 
and dimensions of the particular diode type. Maximum val¬ 
ues are: 100 picoamps for 5082 - 4204, 150 picoamps for 
5082 -4205 and 2 nanoamps for 5082-4203. 

Shunt resistance, Rp, is very large, being usually greater 
than 10 gigaohms (10,000 megohms), and its noise current 
may therefore be neglected. Shunt capacitance, Cp, has a 
value from two to five picofarads, depending upon the diode 
type and reverse bias. For high frequency operation it is im¬ 
portant to minimize Cp because the cutoff frequency is de¬ 
termined by: 




( 2 ) 


Although our present concern is with low frequency 
threshold operation, there is another reason for minimizing 
Cp. This will be discussed later, when circuit design princi¬ 
ples are presented. 


Performance 

Threshold performance can and has been specified in a 
number of different ways. The most commonly understood 
and usable expression takes the form of a noise equivalent 
input signal. This is the input signal which produces an out¬ 
put signal level that is equal in value to the noise level that 
is present when no input signal is applied. The noise equiv¬ 
alent input in watts is called Noise Equivalent Power 
(NEP) and is defined by: 



Mpp — NOISE CURRENT (amps per root hertz) /o 
CURRENT RESPONSIVITY (amps per watt) 


which has the units of watts per root hertz. Devices for 
photo-detection could then be compared on the basis of 
NEP. The lower the NEP the more sensitive is the device. 

Another method of defining threshold sensitivity is on the 
basis of signal-to-noise ratio for given input signal power 
levels. Taking a power level of one picowatt, for example, 
the signal-to-noise ratio at the output can be obtained from: 


SNR = 


RESPONSIVITY (^f) x INPUT (watts) 
NOISE CURRENT (amps) 


(4) 


This is a ratio of currents. To express it in dB we would 
take twenty times its log to base ten, even though the ex¬ 
pression converts linearly to a power ratio. This is because 
the devices respond linearly to input power. 

Figure 3 shows spectral sensitivity characteristics of sev¬ 
eral PIN photodiodes and multiplier phototubes. Sensitivity 
is given in terms of SNR and NEP. The latter is in terms of 
dBm. Several interesting features are evident in Figure 3. 
Although the quantum efficiency for PIN photodiodes is 
constant from 500 to 800 nanometers, the sensitivity curve 
is not. This is due to the fact that the energy per quantum 
(photon) of radiant energy varies with wavelength. 

The curves for the three different PIN photodiodes also 
show the dependence of sensitivity on leakage current. Here 
the highest sensitivity is obtained with the 5082 - 4204 
which has a maximum leakage current of 100 picoamps. 
Next is the 5082-4205 with 150 picoamps and finally 
the 5082-4203 with maximum leakage of 2 nanoamps. The 
three curves are in effect displaced by the magnitude of the 
noise current difference because quantum efficiency is equal 
for all. These curves also show the inherent broad response 
of PIN photodiodes with respect to multiplier phototubes. 
Therefore, the power responsivity of the PIN photodiode 


Figure 3. Spectral Sensitivity Comparisons of Photodetectors 


has a corresponding slope. Notice how the inherently broad 
response of silicon, enhanced by the thick I-layer construc¬ 
tion, extends the range of useful performance over the re¬ 
sponse ranges of two types of photocathodes. 

Although the threshold sensitivity of multiplier photo¬ 
tubes is superior in the visible region, nevertheless for many 
applications the advantage is not significant enough to out¬ 
weigh the disadvantages of generally unstable and tempera¬ 
ture-sensitive gain, large size and weight, and the need of 
very high and stable power supply voltages. On the other 
hand, the superior red and infrared threshold performance 
of the PIN photodiode does not necessarily mean it is better 
in any application, because one must take into account its 
small sensitive area and low signal levels. Realization of the 
performance capability described in Figure 3 also requires 
fairly careful attention to the design of the terminal circuits 
into which the PIN photodiode operates. 

TERMINAL CIRCUIT DESIGN PRINCIPLES 

The design of the terminal amplifier must consider the 
usual design objectives of low noise, broad band, wide dy¬ 
namic range, etc. In addition, there are two fundamental 
considerations which are dictated by the PIN photodiode: 

1. High Reverse Voltage: 

The diode must be operated at ten to twenty volts of 

reverse bias to reduce shunt capacitance. 

2. High Input Resistance: 

This is a fundamental consideration in the sensitivity/rise 

time trade-off. 

The effects of reverse voltage on capacitance have been 
discussed earlier. However, the effect is sufficiently impor¬ 
tant to deserve a re-emphasis here. 

A high input resistance is necessary in order to maintain 
a high signal-tp-noise ratio. Since the output signal from the 
photodiode is a current, and its own internal noise is repre- 
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seated by a current, it is appropriate to represent the noise 
of the terminal amplifier as an equivalent noise current at 
the input. The smallest value of resistor which may be con¬ 
nected to the input is then limited by its noise current accord¬ 
ing to the formula for thermal noise: 

i,v^ (thermal) _ 4kT 
B ~ R 

By comparing eq(l), relating diode noise current to leak¬ 
age current, with eq(5), relating resistor noise current to its 
resistance value, it is clear that there is some value of resist¬ 
ance below which the NEP of the system, i.e., threshold 
sensitivity, would be degraded at the rate of 5 dB per decade 
of decreasing resistance. For example, in the case of the 
5082 - 4203, assuming a maximum leakage current of 2 nano¬ 
amps, the value of resistance should be greater than 25 
megohms, to avoid degrading the threshold sensitivity, 

TRANSISTOR AMPLIFIER 

In addition to keeping the input noise current low by 
using large values of input resistance, it is also important to 
keep other sources of noise in the amplifier at a minimum. 
Using ordinary transistors (PNP or NPN) it is not possible 
to approach the ultimate sensitivity of which the PIN photo¬ 
diode alone is capable, even when low-noise transistors, such 
as the 2N2484, are used. However, in those applications 
where it is possible to sacrifice sensitivity for simplicity, 
transistors may be used. A typical transistor circuit is shown 
in Figure 4. With this circuit, a sensitivity corresponding to 
an NEP of — 95 dBm was obtained. In this case, Ql was 
operated at the lowest possible collector current which would 
still give adequate gain. A high loop gain was desired in 
order to compensate, with negative feedback, for the long 
open-loop rise time produced by the high input resistance. 
A resistance higher than 10 megohms was not necessary here, 
since the transistor itself sets the fundamental noise limita¬ 
tion. A PNP transistor was selected for Q2 in order to bal¬ 
ance out most of the base-to-emitter voltage of Ql, so that 
the output would tend to be near zero without any zero ad¬ 
justment. A slight zero adjustment, provided by R2 and R3, 


gives the necessary range without appreciably attenuating the 
feedback current. As the photocurrent, U, increases, the 
amplifier causes the voltage at the emitter of Q3 to decrease, 
which causes a current in Rl to flow out of the node (base of 
Ql) into which I 2 flows. 

Basic Amplifier Arrangements 

For linear operation, the photodiode should be operated with as 
small a load resistance as possible. Figure 5 shows the 
recommended amplifier arrangement. The negative-going input 
is at virtual ground; the dynamic resistance seen there by the 
photodiode is Ri divided by loop gain. If the op-amp has 
extremely high input resistance, loop gain is very nearly the 
forward gain of the op-amp. R 2 can be omitted if the 
photocurrent is reasonably high — its purpose is only to balance 
off the effect of offset current. As shown, the output voltage will 
rise in response to the optical signal. If it is preferable to have the 
output drop in response to optical input, then both the 
photodiode and Ec should be reversed. Ec may, of course, be 
zero. Speed of response is usually limited by the time constant of 
Rj with its own capacitance, so it is improved by using a string of 
two or more resistors in place of a single Rj. 

Logarithmic operation requires the highest possible load 
resistance — at least 10G^2. With an FET-input op-amp, this is 



VouT= 'dark> 


Figure 5. Linear Response; Photodiode and Amplifier 
Circuit Arrangement 



VERTICAL; (UNSPECIFIED) 
HORIZONTAL; 20 usee/cm 


96 Ilk 



Figure 4. Transistor Photodiode Amplifier Schematic 
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easily achieved as in Figure 6. If the offset current of the 
amplifier poses a problem, a resistor can be added between the 
positive- and negative-going inputs. Its value should not be less 
than 10G12 divided by loop gain. If the amplifier has a very high 
input resistance, loop gain is equal to the forward gain of the 
amplifier divided by (1 + R 2 /R 1 ) so making R 2 = 0 allows the 
smallest possible resistance between the inputs. The speed of 
response of this amplifier will be very low, with a time constant 



Figure 6. Logarithmic Response; Photodiode and Amplifier 
Circuit Arrangement 


r ^'O. Is. If high speed logarithmic operation is required, it is best 
to use the linear amplifier of Figure 5 followed by a logarithmic 
converter. 


High Speed Photodiode Amplifier 

Applications that call for high speed data signaling, such as 
CRT light pens, require amplifiers that have a wider bandwidth 
than the circuit shown in Figure 5. 

Using a five transistor array (RCA CA3127E) it is possible to 
construct a high speed, high gain photodiode amplifier. This 
circuit is shown in Figure 8. It is configured as a two stage 
amplifier. The first stage is composed of transistors Q1-Q3, 
where Q1 is an input emitter follower with feedback obtained 
from the emitter of Q3. Q2 functions as an inverting amplifier 
interconnecting Q1 to Q3. The second stage consists of Q4and 
Q5 which provide additional gain and output buffering, of the 
first stage. These two stages provide an equivalent transresis¬ 
tance of 420K ohms. This means that the output voltage Vo is 
equal to the photocurrent. Ip, times 420K ohms. 

When high speed circuit layout techniques are used it is possible 
to obtain the rise and fall time performance shown in Figure 7. 
This speed is equivalent to a bandwidth of 9.5MHz with an 
input flux of 1.9pW. This flux level can be obtained from a 
HEMT-6000 700nm High Intensity Subminiature Emitter when 
it is operated at 10mA, at a distance of 1cm from the 5082-4207 
PIN photodiode. 



VOLTAGE ACROSS HEMT-6000 EMITTER 
tr = 37ns tf = 24ns Vo(dc) = 1.7V 


Figure 7. Pulse Response of Photodiode Amplifier 
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5082-7700 Series 

Seven Segment LED Display Applications 


INTRODUCTION 

The HP 5082-7700 series of LED displays are avail¬ 
able in both common anode and common cathode 
configurations.. The large 0.3'' high character size 
generates a bright, continuously uniform seven seg¬ 
ment display of both numeric and selected alpha¬ 
betic information. 

Designed for viewing distances of up to 10 feet, these 
single digit displays have been engineered to provide 
a high contrast ratio and a wide viewing angle. 

The 7700 series utilizes a standard 0.3" dual-in-line 
package configuration that allows for easy mounting 
bn PC boards or in standard 1C sockets. Requiring 
a forward voltage of only 1.7 volts, the displays are 
inherently 1C compatible, allowing for easy Integra¬ 
tion Into electronic systems. 

The 5082-7730 and the 5082-7731 are common 
anode displays employing a left hand or a right 
hand decimal point respectively. Typical applica¬ 
tions would be found in electronic instrumentation, 
computer systems, and business machines. The 
5082-7740 is the common cathode version featuring 
a right hand decimal point for applications that 
include electronic calculators and business terminals 
such as credit card verifiers. 

This Application Note begins with DC drive tech¬ 
niques and circuits. Next is an explanation of the 
strobe drive technique and the resultant increase in 
device efficiency. This is followed by general 
strobing circuits and some typical applications such 
as clocks, calculators and counters. 

Finally, information is presented on general opera¬ 
ting conditions, including intensity uniformity, light 
output control as a function of ambient, contrast 
enhancement and device mounting. 

DC DRIVE 

In DC or non-strobed drive the display is operated 
with each character continuously illuminated, usual¬ 
ly with one decoder per character. This technique 
is commonly used for short character strings where 
the cost of the decoders for DC drive is less than 
that for the timing and drive circuits for strobed 
operation. The LEDs are more efficient when 
strobed; however, in DC operation the drivers need 
not handle high current levels. The DC drive circuit 
for the common anode display is shown in Figure 
la. The current level, set here at 20mA per 


segment, is determined by the relation 
p ^ Vcc ~'^LED -'^CE 

'segment 

where Vqq = voltage supply potential, 

Vled “ forward voltage of LED at IsegMENT 



An analogous circuit is shown in Figure 1b for a 
common cathode DC drive system utilizing a cur¬ 
rent sourcing decoder/driver instead of a standard 
decoder/driver and external resistors. 

See Table I for a list and comparative ratings of 
some of the commercially available seven segment 
decoder/driver circuits. 

STROBING DRIVE CIRCUITS 

In strobing, the decoder is timeshared among the 
digits in the display, which are illuminated one at a 
time. The digits are electrically connected with 
like segments wired in parallel. This forms an 8 
(7 segments and decimal point) x N (number of 
digits) array. In operation, the appropriate segment 
enable lines are activated for the particular charac¬ 
ter to be displayed. At the same time a digit enable 
line Is selected so that the character appears at the 
proper digit location. The strobe then progresses 
to the next digit position, activating the proper seg¬ 
ments and digit enable line for that position. 
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Since the eye is a relatively slow sensor, a viewer 
will perceive as continuous a repetitive visual pheno¬ 
mena which occurs at a rate In excess of about 60 
events per second. Therefore, if the refresh rate for 
each digit is maintained at 100 times or more per 
second, the perceived display will appear flicker- 
free and easy to read. In displays subject to vibra¬ 
tion, a minimum strobe rate of 5 times the vibration 
frequency should be maintained. 

In addition to reducing the number of decoders 
and drivers, strobing requires less power than DC 
drive to achieve the same display intensity. This is 
due to a basic property of GaAsP where luminous 
efficiency (light output/unit current) increases with 
the peak current level (see Figure 2a). Thus, for the 
same average current, use of lower duty cycles 
(and higher peak current levels) results in increased 
light output (see Figure 2b). For example, from 



•peak - peak current per segment - mA 


Figure 2a. Relative Efficiency (Luminous Intensity per Unit 
Current) versus Peak Current per Segment. 



Ip - AVERAGE CURRENT PER SEGMENT - mA 

Figure 2b. Typical Time Averaged Luminous Intensity 
per Segment versus Average Current. 


Figure 2b, a typical device operated at 10 mA DC 
would produce a luminous intensity of approxi¬ 
mately 120 microcandelas. The same device opera¬ 
ted at 50mA peak, 20% duty cycle (as if in a 5 digit 
strobed display) will produce approximately 
145mcd time averaged luminous intensity. 

For common decoder/d river circuits, a series resistor 
is placed in each segment enable line to limit the 
light emitting diode current. They are placed in the 
segment enable lines to prevent uneven current 
distribution among segments, commonly referred 
to as '"current hogging". The resistive current 
limiting approach for LEDs outlined above Is com¬ 
pact and easy to implement. However, the resistor 
consumes power. 

Various techniques for driving LED displays from 
energy storage devices (such as Inductors or capaci¬ 
tors) are quite practical though generally somewhat 
higher in cost and bulkier. However, power savings 
of as much as 50% over the resistive drive techniques 
are attainable. SCR switches may be attractive in 
circuits utilizing energy storage devices. 

Figures 3 and 4 illustrate two possible memory 
buffer and display drive techniques used in strobed 
applications. Both memory techniques assume a 
bit-parallel/character-serial data entry format. If 
the system memory is available to supply data to the 
decoder, the buffer portion of these circuits may 
be deleted. 

Figure 3 depicts a 5-digit strobed display employing 
a recirculating shift register memory. One shift 
register is used for each bit of the 4-bit BCD code. 
Four lines of data from the shift registers drive an 
SN7447A seven-segment decoder. The value of the 
current limiting resistors is calculated to provide 
40 mA per segment peak drive current. The resis¬ 
tor value may be calculated using the following 
formula: 

R = ^CC ~^LED ~VCE1 ~M:E2 

N Iave 

where Vcc = voltage supply potential, 

Vled = forward voltage of LED at peak 
•segment (N Iave )/ VcEl = '"ON" voltage of 
segment switch at peak IsEGMENT . 

VcE 2 = ''ON" voltage of digit switch at 8 times 
peak IsEGMENT / UvE = desired average operating 
current per segment, and N = number of digits in 
the display. 

Data for each digit of the display is sequentially 
shifted to the OE output of the shift register by the 
display scan clock. The scan clock also drives an 
SN7496 shift register set up as a ripple scanner. 
The scan shift register outputs are buffered to source 
the 320mA peak digit current. Data entry to the 
storage registers is controlled by the system clock 
of the data source. During data entry, the display 
is blanked and the scan shift register is reset to the 
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Figure 3. Five Digit Strobed Display with Recirculating Shift Register Memory. 


SEGMENT DRIVER 



Figure 4. Strobed Eight Digit Common Anode Display with Static Memory Buffer. 
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first digit position by a logic ''0” at DATA ENTER. 
The DATA SOURCE SYSTEM CL OCK and the ex - 
ternal BCD lines are also enabled by DATA ENTER. 
The 5 digits of new data will be entered into the 
shift registers on each positive transition of t he 
system clock. After data entry, DATA ENTER is 
returned to a high state, and scanning begins at 
position ''A” under control of the SCAN CLOCK. 

Figure 4 depicts an eight digit strobed display em¬ 
ploying a static 4 X 8 bit memory. Data from the 
memory buffer is selected by the read lines under 
the control of the scan counter. This data Is de¬ 
coded by an SN7448 to drive the display segment 
lines. In this case the 80mA per segment peak cur¬ 
rent is beyond the current sinking capability of any 
common decoder/driver so an output buffer tran¬ 
sistor must be used. Current limiting resistor values 
are calculated as before. The digit scan counter 
uses a Signetics 8281 binary counter in the divide 
by 8 mode. Data entry to the memory buffer can 
occur simultaneously with data read and any one of 
the eight digits may be selected or written indepen¬ 
dently. 

The display length illustrated in either of the above 
schemes may be changed by simply providing the 
additional memory requirements and extending the 
capacity of the digit scanner. Displays of up to 16 
digits are practical. 

Numerous manufacturers are now supplying transis¬ 
tor arrays and buffer drivers which offer the advan¬ 
tages of lower costs and Improved packing densities 
over discrete segment and digit drivers. See Table 
II for a list of some of the presently available 
products. See Table III for other useful display 
circuits. 

CALCULATORS 

The display circuit for a 10-dlgit calculator is given 
in Figure 5. A MOSTEK MK5010P single chip 
calculator circuit provides the calculating, decoding, 
and timing for a four function (+, —, x, ^), 10-dlgit 
calculator. The displays are strobed at 100 mA 
peak on a 1 of 10 duty cycle. The Darlington seg¬ 
ment drivers source 100mA while the digit drivers 
sink 800mA peak. The MOS output transistor con¬ 
necting the output to Vss is '"OFF" when the seg¬ 
ment (or digit) is to be activated. In this state, the 
pull-down resistor connected to Vqg sinks the 
current necessary to turn on the PNP drive stage. 
When the MOS transistor is "'ON", the 1 mA output 
current through the pull-down resistor biases the 
PNP drive stage ''OFF'. 

There are a variety of calculator chips for 8, 10, 
and 12-digit applications with varying voltage supply 
requirements and features. These include circuits 
from companies such as AMI, Cal-Tex, MOSTEK, 
NORTEC, Rockwell Inf I., and Tl. Output stages 
vary although the P-channel, open-drain approach 
used in the MK5010P example is the most common. 



CLOCKS 

Figures 6 and 7 depict the complete circuitry for 
6-character digital clocks using monolithic clock 
chips from two different manufacturers. Both 
clocks use the 60Hz AC line as a time base and 
derive power from unregulated bridge rectifier 
power supplies. 

Figure 6 illustrates a 6-digit clock circuit using the 
National Semiconductor NM5314 clock chip. This 
chip uses a strobed technique with all scanning logic 
and memory buffers on board. Scan frequency is 
established by an external RC network and should 
be maintained between 60Hz and 10kHz. The 
values shown should generate approximately a 1 kHz 
scan rate. Each of the P-channel MOS outputs is 
buffered to provide adequate drive current to the 
individual segment and digit enable lines. 

Figure 7 illustrates a 6 digit clock radio circuit 
using the MOSTEK MK5010PAN clock chip and 
HP 5082-7740 common cathode displays. Since 
the MK5010P series chips provide a 12.85% duty 
cycle digit enable, the component values shown will 
supply approximately 10mA average or 77 mA 
peak current to each segment of the strobed display. 
The base Inputs of the MPSA-13 segment drivers 
and the MPSU 45 digit drivers each have series cur¬ 
rent limiting resistors and pull-down resistors to limit 
maximum drain current and assure cut-off in the 
''OFF'' state. In this circuit, the digit drive lines 
are multiplexed to accept input data for alarm set, 
time set, and other functions. 
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1. GND FOR 60Hz LINE FREQUENCY 
OPEN FOR 50Hz LINE FREQUENCY 

2. GND FOR 12 HR, CLOCK 
OPEN FOR 24 HR. CLOCK 

3. GND FOR 6 DIGIT DISPLAY (Seconds) 
OPEN FOR 4 DIGIT DISPLAY (Minutes 

and hours only) 


Figure 6. Strobed Drive for a Six Digit Clock. 


12.6V AC 
50/60 Hz 



TS-TIME SET 

AS - ALARM SET 

SL1, SL2, SL4 - SLEEP CODE 

SN - SNOOZE 7 MIN. 


H, M - USED TO SET HRS, 10M, 1M 

24 - 24 HRS DISPLAY 

50 - CONVERTS COUNT TO 50Hz INPUT 


Figure 7. Six Digit Clock Radio. 
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COUNTERS 

The strobe display circuit for a 4>2 digit counter 
is shown in Figure 8 utilizing the 7730 common 
anode display (left hand decimal point) and the 
MOSTEK MK5007P four decade counter. Available 
in a 16-pin package, this circuit is a less expensive 
version of the familiar MK5002P, and includes 
latches, decoding and multiplexing functions. In 
addition to counting, this circuit can be used with 
its internal clock for DVM, timer and other mea¬ 
suring applications. In this example, the MK5007P's 
BCD outputs are converted to a seven segment for¬ 
mat by the SN7447A decoder/driver which can 
sink 40mA per segment. A flip-flop is used to im¬ 
plement an overflow digit “V, providing a 472 digit 
display. The average light level of the display is 
controlled by two factors. First, R controls the 
peak current per segment, set here for 40 mA. The 
second factor is the duty cycle of the counter's 
SCAN INPUT signal. The internal multiplexing 
circuit for scanning the digits is triggered on the 
falling edge of the scan clock. While this signal is 
low, the segment and digit outputs are blanked. 

Therefore, a duty cycle greater than 80% of the 
SCAN INPUT signal is desirable for efficient opera¬ 
tion. In this circuit, use has been made of the 
MK5007P's Internal scan clock; a timing capacitor 
at the SCAN INPUT sets the frequency. The MOS¬ 
TEK units can be cascaded for greater than 4 de¬ 
cades of readout. Similar circuits in function are 


General Instrument's AY-5-4007 series, which have 
the additional feature of a 25 mA sourcing capability 
at each segment output line. 

A DC drive circuit for a 5 digit counter is outlined 
in Figure 9. This combines the -7730 common 
anode display (left hand decimal point) with the 
Tl SN74143, a 4-bit counter/latch/decoder having 
15 mA constant current outputs. For applications 
requiring counting up to 12MHz, the use of this 
circuit greatly reduces the component count (even 
the current limiting resistors are eliminated). The 
LATCH STROBE INPUT allows the display to 
operate in a data sampling mode while the counter 
continues to function. The BLANKING INPUT 
allows total suppression or Intensity modulation of 
the display. The stored BCD data is available for 
driving other logic via the LATCH OUTPUTS 
Qg, Qq, Qq). For higher current drives, the 
SN74144 with its open-collector outputs can sink 
25 mA per segment. 


INTENSITY UNIFORMITY 

The 5082-7700 series devices are categorized for 
light output Intensity to minimize the variation 
between digits or segments within a digit. Luminous 
intensity categories are designated by a letter located 
on the right hand side of the package. Display 
appearance will be optimized when a group of 
display digits uses devices from a single category. 












INTENSITY MODULATION 

It is often desirable to vary the intensity of a dis¬ 
play to provide improved readability under varying 
ambient lighting conditions. Intensity control can 
be achieved using either amplitude or pulse width 
modulation techniques. The latter is recommended 
for broad dynamic range of intensity control. Pulse 
width modulation offers the advantage of good 
tracking between segments as the intensity is de¬ 
creased, and also allows the LEDs to operate with 
a high peak current where they are more efficient. 
Figures 10and 11 illustrate two possible techniques 
of control. 

In Figure 10 a monostable multivibrator is triggered 
by the scan clock. Photo-resistor Ri tracks with 
ambient light intensity and causes the monostable 
multivibrator to produce an output pulse width pro¬ 
portional to ambient lighting. This method will 
provide duty cycles ranging from approximately 
20% to 100%. 

Figure 11 depicts another intensity modulation 
technique. The scan clock input square wave is 
integrated by R-j and Ci to form a triangular wave. 
Ambient light is monitored by a phototransistor 
and an amplified output voltage proportional to 
ambient lighting Is produced by A^. These two 
signals are presented to the comparator A 2 . The 
output of A 2 will be true only as long as the triangle 
wave voltage is greater than the ambient light signal. 
The LM311 amplifier used in this circuit can be 
replaced with any medium to high gain amplifier 
which will give adequate swing with a single 5 volt 
supply. This technique offers a 0 to 100% dynamic 
range of modulation. 

In both of the above examples, the pulse width 
modulated signal Is connected to the blanking input 
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Figure 10. Multivibrator Modulation Circuit. 



Figure 11. Wide Dynamic Range Intensity Control Circuit. 


of the display driver. The display duty cycle is then 
controlled by the modulated signal which is pro¬ 
portional to the ambient intensity. If the scan 
frequency is substantially greater or less than 1 kHz 
in either of the above circuits, timing and integrating 
component values will have to be changed to pro¬ 
duce satisfactory results. 

CONTRAST ENHANCEMENT 

The quality of the perceived display is a function 
not only of light intensity but also of contrast to 
the background. To improve display contrast, the 
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entire front surface of the display, except for the 
light emitting areas, is finished in a uniform flat 
black. The plastic encapsulant in the light emitting 
areas contains a red dye to further reduce the reflec¬ 
ted ambient light. The display's background and the 
type of contrast enhancing filter used affect the dis¬ 
play quality. Typically, PC board mounting and 
an inexpensive red filter (e.g.. Plexiglass 2423 or 
materials having similar transmission characteristics) 
are used. Under strobe drive conditions of 10mA/ 
segment average, the display is easily readable to 
distances of ten feet and will retain good contrast 
under relatively high ambient lighting conditions. 

There are several additional contrast enhancing 
measures that can be implemented to allow lower 
display intensity and power levels. With respect to 
PC board design, keep as many metallized lines as 
possible out of the normal viewing area. These 
surfaces reduce contrast by reflecting ambient light. 
Whenever possible, the lines running to the displays 
should be placed out of sight on the board's back 
side. You can also hide metal traces by placing 
them beneath the display package. To minimize the 
light reflected from the PC board, the area surround¬ 
ing the display can be darkened either through use 
of a screened black epoxy ink (e.g., WORNOW 
W-O-N black ink) or a black piece of material cut 
as a collar to fit around the display. Circular 
polarizing filters (such as Polaroid HRCP-red) or 


3M Display Film are particularly effective in en¬ 
hancing contrast in high ambient light although 
they may be more expensive. Antiglare coatings 
are available from firms such as Panelgraphic Corp. 
to reduce front filter reflections. An antiglare 
surface finish may also be incorporated into the; 
molds used to manufacture the filters. 


MOUNTING CONSIDERATIONS 

The 5082-7700 series devices are constructed utiliz¬ 
ing a lead frame in a standard DIP package. In addi¬ 
tion to easy PC board mounting, the standard pin 
spacing of 0.100" between pins and 0.300" between 
pin rows allows use of the familiar 14-pin 1C sock¬ 
ets. See Table IV for a list of some of the available 
display sockets. The displays may be end-stacked 
as close as 0.400" center-to-center. The lead frame 
has an integral seating plane which holds the pack¬ 
age approximately 0.035" above the PC board 
during standard soldering and flux removal opera¬ 
tions. The devices can be soldered for up to 5 
seconds at a maximum solder temperature of 230°C 
(1/16" below the seating plane). To optimize 
device performance, materials are used that are 
limited to certain solvents for flux removal. It is 
recommended that only Freon TE, Freon TE-35, 
Freon TF, Isopropanol, or soap and water be used 
for cleaning operations. 


Note: See following pages for Tables /, //, III and / V. 



Table I. Decoder/Driver Circuits for Seven Segment Displays 


MsfiofaGtyrer's 
Product No. 

■ 

Mcrtufocturer 

Comrhort Anode or 
Common Cathode 

Bated Maximum 
Output Current 
[mAl 

Other Features 

Other 

Manulaoturers 


texa$ Instr, 

: ■; ' 

40 


National S^rhi, 1 
Fairchild, Mdtilfbta/ 
Sigrretics 

7448 

Texas Instr, 


;; 


National Semi, 
Fairchild, Motorola, 
Signetics 

9307 

Fgtfrcbtid 





9317 8/C 

FalroHiid 

ca; ;; 

40/20 



935? 

Fairchild 

OA 




':93j68:,' 

Fairchild 

: cc . 


Quad Latch'\"r: v 


9369 

Fairchild 

. ' CC, . 

50 

''' ' - : , ' 


9370 1 

Fairchild 

■ CA 

' - 25 

Quad Latch 


9660 

Fairchild 

- 'CC ' 

- 590^* / 

PgmbI Current 
and Decimal 

Ft Drive 


IVIC 14511 

Motorola 

cc:’- 

' 25'- ' 

cMosJ-/- 


MC 4039 

Motorola 

CA 

20 1 



N8T51 B 
N8T59 B 

Signetics 

CA, CC 


MOS Com¬ 
patible Inputs 


N8T74 B 
N8T75 B 

Signetics 

GA, CC 


Quad latch MOS 
Compatible Inputs 


8140 

Harris 

CA 

40 

Quad latch 


1001/1002 

SC$ Microsystems 


i20\ 

Quad latch, some 
versions available 
w/resistors on 
board 



•with external pull-up resistance '‘constant current supply ‘“current limit resistors on board 


Table 11. Driver Arrays for LED Displays 


Manufacturer 
and Product No. 

Maximum Output Current 

Drivers Per Packap 

Typical Application 

ITT Semiconductor 

502 

200 mA Sink 

6 

Digit Drive 

503 

34mA Source 

4 

Segment Drive 

National Semiconductor 
DM8861 

50 mA Source or Sink 

5 

Segment Drive 

0M8863 

500mA Sink 

8 

Digit Drive 

Sprague Electronics 




ULN 2031A 

80mA Sink 

7 

Segment Drive 

ULN 2032A 

80mA Source 

7 

Segment Drive 

Series 400 

250mA Sink 

4 

Digit Drive 

Texas Instruments 

SN7549t* 

50mA Source or Sink 

4 

Segment Drive 

SN75492* 

250mA Sink 

5 

Digit Drive 
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Table III. Circuits for Seven Segment Displays 



" " ^ Deso’iiitfon ^ < 

, ^ ^^me'nts^ ' 


i SOO Coariter/4 8lt'/tatch/BCD'7 Segment s 
Decoder/t6mA Consterjt Current Driver 

ideal for Canting Applications ITime or freduency 


4J|CDA DeolmerOecod^ of 10 C^ceiler)/ 

CepaWe of sirvklng 80mA per line making tt Ide^ < 

'0§0m0&Mi 

&Rne as SN74143 except ou tput driver ", 
cert sink up to 25mA per fme « 

current limiting re^stor fof'eac^^ segment,' ' 


.eCO CounterM Bit Utcii/B^CD to Deolmel ' 
Decoder t1 of 10 Decoderi Driver ^ ; 

Useful for digit scannerr Need only e clock signal 

V ^ 

wWe ^ed letches 

4Also known es'"Bus Buffers'*) / ’ 

4 Decade Coanter/BGD‘7 Segment Decoder/ 

4 Dl^lt Scariner In 1 package, 3 options 

'^Atlpvva bu^lngof data linesellmTnatir^numemus' 

?• Bro^idei"e(Ni 2 liuMii^ ini' 

Decade Strobed Counter Display lean be end 

AV^e»4007 Series 

4 Decade Coumer/BCD'7 Segment Decoder/ 

4 Digit Scanner/IED Driver " ' | 

Simile in function to IVIostek 5CKi2 series tnJt adde 
26mA LED driversfor strobed display. , 


Table IV. 14 Pin DIP Sockets for 7700 Series Displays 


WbOufacturer 
and l^rdduct No. 

Termination 

Description 

Amphenol*Barnes 

fet-2bdtM44 

821-20013-144 

821-25011-144 

821-25012-144 

^Ider 

Wire Wrap , 
Solder. 

Wire Wrap 

Nylon, low Profile 
Nylon, low Profile 
Full SlEed Body 

Full sized Body 

Augut. ';,; 
:314-AG50-2R 

Soldk ' . 

F u 11 Siz^, Phenolic 

Cinch' "'. '' •' 

; ';:/;T4-W-DIP 

14018 

Wire Wrap 
Socket 

low Profile, Nylon 
Phenolic'-V- 

Cambion 

3777-01-0312 

3897-01-0316 

Solder 

Wire Wrap : 

Nylon '/; 

DAP Plastic : ; ;; 
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APPUCAtiOW 





Thfs ^pmtfm mte emm s^imm designers by describing the performance to be expect^asp. of > 
ffP pptmoupfm as a line receiver in a TTL-TTL compatible NBZ^data tr^sA^^J^iky^bt 

describes several useful torn! systems including line driver^ cable, terminations and TTL cmtpattbfe csnyaecA ^'"' 
The A Ainexpensive cable and operaUmtisfactorily over the range of pansmisSion diS^mes 
from tft/fo ZPIT ft Over As range of distances^ the data ram varies from 0,6 megabits pet sf^ond to tOrnegabip 
per Adnd tafAv iftnited by coupler performance at dtbrt distances, and cable losses at longer distances 

',\Non-return to'2#r«>'' 


INTRODUCTION 

Optocouplers can function as excellent alternatives to inte¬ 
grated circuit line receivers in digital data transmission ap¬ 
plications. Their major advantages consist of superior 
common-mode noise rejection and true ground isolation 
between the two subsystems. For example, a conventional 
line receiver is limited to a ±20V common-mode noise re¬ 
jection at best from DC over its operating frequency range, 
while an optocoupler can achieve rejections of ±2.5kV 
at 60Hz. 

A conventional optocoupler that utilizes a photo-transistor 
is limited in its minimum total switching time. At the higher 
data rates, above 200-500 kbits/s, these delay times can 
become very significant. The HP 6N135 and 6N136 utilize 
an integrated photo-diode and transistor to produce lower 
total switching time. The HP 6N137 adds an integrated 
amplifier within its package to decrease these delay times 
still further. All three units can produce data rates well 
in excess of 500 kbits/s, while the 6N137 can couple an 
isolated 9.5MHz (19M bits/s) clock from Its input to its 
output. These data rates are achieved with common-mode 
noise voltage rejection in excess of that provided by most 
types of line receivers at all frequencies. 

The information contained in this application note covers 
the performance of optocoupler line receiver circuits; how¬ 
ever, it does not describe design details. These details are 
covered in Application Note 947 "'Digital Data Transmission 
Using Optically Coupled Isolators". 

This application note describes the basic design elements of 
a data transmission link and presents several examples of 
total systems that will be useful to systems designers at 
distances that range from 1 ft. to 300 ft. and have a mod¬ 


erate overall cost. First, a few measures of performance 
are defined to allow systems to be compared with one 
another. Second, the elements of an optocoupler data 
transmission system are discussed. Third, circuit examples 
and demonstrated performance of a selected set of systems 
are presented for the various transmission distances. This 
presentation includes schematics, representative waveforms 
at intermediate circuit points, and a summary performance 
table. It compares the results of passive (resistive) termi¬ 
nations with active terminations that improve overall per¬ 
formance at the longer transmission distances. Fourth, the 
trade-offs that were made to arrive at the selected system 
components are described. Along with the trade-offs, there 
is a discussion of approaches to increase performance by 
selection of other circuit components or by "peaking" a 
given length system. 

DEFINITIONS OF PERFORMANCE 

In data transmission systems that utilize optocouplers, there 
are no standardized definitions that allow performance capa¬ 
bility to be specified. The major performance parameters 
that are of interest are data rate capability, usually specified 
in bits per second; and immunity to common mode noise at 
the coupler input, usually specified as AC or DC common 
mode voltage rejection In volts, or transient voltage noise 
rejection in volts/microsecond. 

To arrive at a definition of maximum data rate capability 
requires that the total system be specified including all 
components, and in addition, data modulation and de¬ 
modulation techniques. In order to compare the various 
systems presented in the application note, it is necessary to 
define some useful terms. 
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One commonly used modulation technique for digital data 
data transmission is NRZ, or non-return-to-zero transmission. 
In the most common form of this technique, a twisted pair 
transmission line is driven by a balanced driver with an 
alternating plus or minus voltage signal. A number of In¬ 
tegrated circuits are available to provide the drive signals 
and create a straightforward design. 

One potential measure of system performance for NRZ, 
and potentially other modulation techniques as well, is 
the measurement of the maximum 50% duty cycle clock 
frequency that the system will pass. Since a clock repre¬ 
sents a total 1/0 and 0/1 transition each full cycle, this 
square wave provides two bits of data for each cycle. As 
the upper clock frequency limit of a system using couplers 
is reached, the duty cycle will change from 50%. The 
MAXIMUM CLOCK DATA RATE is found by observing 
the system output as a function of a square wave Input 
until the output distorts to a 10% duty cycle and multi¬ 
plying this frequency by two (two bits/cycle). At this 
Input frequency, the system data rate Is very close to its 
absolute maximum and any potential recovery of a signal 
at a higher data rate is Impractical. A more detailed defini¬ 
tion of this term appears in the glossary. 

Another parameter indicative of the performance of a sys¬ 
tem is to measure the system transient response In its worst 
case condition. The step response of a transmission system 
using Isolators is a function of the duty cycle and repetition 
rate. For NRZ, If this term Is properly defined, it can indi¬ 
cate a worst case maximum data rate that the system will 
faithfully transmit, regardless of the combination of ones 
and zeroes in the data bit stream. This step response term 
will be referred to as the STEP TRANSIENT DATA RATE 
MAXIMUM. It assumes that the pulse propagation delay 
down the transmission line is essentially constant, and de¬ 
fines a data rate maximum at which a single bit of data in 
a stream of all zeroes and a one, or all ones and a zero may 
be successfully sent through the system. This is simulated 
by placing a very low frequency square wave Input into the 
line. Then the circuit delay time from a pulse received at the 
end of the line until the system output makes a transition is 
measured. This delay time is a function of the cable output 
risetime and the delays experienced in the coupler and its 
associated circuitry. The specific delay times are called 
tpHL and tpLH, indicating delay times for a 1/0 and 0/1 
transition respectively. The STEP TRANSIENT DATA 
RATE MAXIMUM is defined as the inverse of tpLH or 
tpHL/ whichever is longer. In general, this data rate will 
be lower than the MAXIMUM CLOCK DATA RATE. A 
more exact definition of tpHLr tpi_H and STEP TRAN¬ 
SIENT DATA RATE appears in the glossary. 

The parameters used to define worst-case common mode 
noise Immunity are measured for the coupler and associated 
circuitry without the transmission cable. The common 
mode voltage rejection is a function of frequency and 
Indicates the maximum AC steady state signal voltage com¬ 
mon to both inputs and output ground that will not create 
an error in the output. This rejection reaches a minimum at 
some frequency. The transient voltage noise immunity Is 


a measure of the maximum rate of rise (or fall) that can be 
placed across the common input terminals and output 
ground without producing an error voltage In the output. 
This term Is a function of the Input pulse magnitude and 
rate of rise for an optocoupler and is stated as a dv/dt 
minimum in volts per microsecond. Further definitions 
of these terms appear in the glossary. It should be noted 
that common mode characteristics of such systems are 
largely determined by the point at which the noise enters 
the transmission system. Common mode rejection for a 
total system would be expected to Improve with increasing 
distance between the common mode insertion point and the 
input to optocoupler. 

ELEMENTS OF AN OPTOCOUPLER 
DATA TRANSMISSION SYSTEM 

The basic elements of an optocoupler transmission system 
are: 

□ Line Driver 

□ Transmission Cable 

□ Line Termination Circuit 

□ Optocoupler 

□ TTL Interface Circuit 

In order that the performance of systems using the 6N135- 
6N137 optocouplers might be demonstrated, component 
elements had to be defined for several systems. These 
elements are chosen to be TTL compatible at the Input 
and the output. They are also chosen to produce high 
performance, be moderate In cost, and work over a range 
of distances of one foot to 300 feet. This can then maxi¬ 
mize the utility to systems designers of the circuits demon¬ 
strated, thus allowing them to be used without change In 
a variety of specific applications to produce a known level 
of performance. 

CIRCUIT EXAMPLES AND 
DEMONSTRATED PERFORMANCE 

To reduce the number of complete systems upon which 
performance is demonstrated to a practical number, a basic 
representative set of elements must be selected or designed. 
This Includes a single line driver and cable type with perfor¬ 
mance measurements taken at three transmission distances — 
1 ft., 100 ft., and 300 ft. It also Includes two termination 
types, active and passive, and three types of couplers with 
companion TTL interface circuits. This produces six total 
data transmission systems upon which data rate performance 
can be observed at the three transmission distances. Figure 
1 illustrates the line driver and cable combination selected. 
Figure 2 illustrates the pulse response of this driver/cable 
combination. Figures 3 through 8 indicate the line termi¬ 
nation, coupler, and TTL interface circuitry for the various 
terminations. Included are representative waveforms mea¬ 
sured on the three passive termination systems at the 300 ft. 
transmission distance. Table 1 outlines the critical para¬ 
meters of the cable used and Tables 2, 3, and 4 summarize 
the performance demonstrated on all of the transmission 
systems. 
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The performance tabulated for the 1 ft. transmission length 
is indicative of that which might be achieved by a system 
with negligible performance degradation In the cable. The 
performance at 100 ft. and 300 ft. indicates the decrease in 
data rate due to cable losses as the transmission distance 
Increases. This decrease Is the most critical data rate limita¬ 
tion and is Indicative of the change in performance of sys¬ 
tems using low cost cable. Clearly evident in the tables is 
the Increase in performance of the active termination at the 
300 ft. transmission distartce. Note also that the data rate 
of the system utilizing the 6N137 at short transmission dis¬ 
tances is less with the active than with the passive termina¬ 
tion. This decrease Is due to the additional delay added by 
the active termination. 

These performance tables can be used to select a design 
suitable for an application required by a system designer. 
For example, assume it Is desired to design a data trans¬ 
mission system of variable lengths up to 100 ft. and data 
rates of up to 1.6 Mbits/s. The circuit shown in Figure 4 
and the line driver and cable shown in Figure 1 could be 
selected to assure this level of performance. 

SELECTION OF DEMONSTRATION 
CIRCUIT ELEMENTS 

The foregoing systems exemplify achievable performance 
and incorporate a number of design decisions which are 
discussed in this section. 

LINE DRIVER 

Line Drivers generate the signal that is sent down the trans¬ 
mission line. They have limits as to voltage swing, output 
impedance, and switching time. A good compromise is pro¬ 
vided by National Semiconductor's DM 8830. Any similar 
device with a low output impedance such as the Fairchild 
9614 would operate satisfactorily. These devices are TTL 
input compatible, require no external components, are 
relatively inexpensive and readily available. They provide 
adequate performance and produce directly a dual rail 
(inverting and non-inverting) output. 

For systems requiring higher data rates, more sophisticated 


and expensive drivers can be selected or designed. Figure 9 
illustrates a circuit that has a higher current output and 
produces a higher data rate than an integrated driver. It 
uses several components, but does not require a supply 
voltage above the standard TTL 5 volts. To obtain still 
higher data rates, the driver line voltage output must be 
increased. This in turn requires a supply voltage above 5 
volts. The National Semiconductor LH 0002C Is an example 
of an integrated circuit that can be used to produce directly 
a higher line voltage. Numerous other discrete circuits 
could be designed. 

TRANSMISSION CABLE 

Transmission cables are very critical in the overall system. 
They can decrease the effect of extraneous noise voltages 
on system performance by providing shielding. They also 
greatly affect the signal losses as the transmission length 
increases. By controlling these losses, cables can permit 
a single set of system elements to function adequately for 
both long and short transmission distances. The critical 
performance parameters of a transmission cable include 
cost, transmission length, line series resistance (DC losses), 
high frequency losses, type and amount of shielding and 
characteristic impedance. 

The Belden type 8777 Is representative of a relatively well- 
shielded, inexpensive cable with typical transmission loss. 
The important characteristics of this cable are summarized 
in Table 1. 

If it is desired to attain higher performance, the line cost 
becomes considerably more expensive and tends to dominate 
system costs. These higher performance cables utilize a large 
conductor size to lower DC losses, and provide considerably 
lower losses at high frequencies. Examples of such a cable 
would be Belden 9269 (IBM 32392), Belden 9250 or their 
equivalents. 

The pulse response of the DM 8830 and the Belden 8777 
illustrates the waveform degradation of signals sent down 
this driver/transmission line pair, regardless of the line 
receiver employed. Figure 1 illustrates this circuit combi¬ 
nation, and Figure 2 Illustrates the pulse waveform degrada¬ 
tion at 1 ft., 100 ft., and 300 ft. into a 680 equivalent load. 



Figure 1. Line Driver and Cable Combination Selected for Use on All Six 
Systems to Indicate Their Performance. 



Figure 2. Pulse Characteristics of the 
Selected Line Driver and Cable. 
Measurement Observed with a 68^2 
Equivalent Termination at One, 100, 
and 300' Distances. All Waveforms 
are Line to Line Voltage, Time Ref¬ 
erenced to zero feet. Note Time 
Delay and Waveform Degradation. 
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LINE TERMINATION CIRCUIT 

The line termination circuit converts the voltage arriving at 
the end of the line to a current impulse to drive the coupler 
emitter diode. In these system examples, performance 
of both passive and active circuits was measured. 

A passive circuit consists of a set of resistors to match the 
line to Its characteristic impedance and to convert the line 
voltage to a current. The circuits illustrated here were de¬ 
signed to provide good performance at 300 ft., while not 
exceeding the coupler input drive current maximum at the 
1 ft. line length condition. With this design criterion, these 
circuits are useful over this range of transmission cable 
lengths. These design characteristics required that two resis¬ 
tive line termination circuits be designed for the three isola¬ 
tors. They are Illustrated in Figures 3, 4, and 5. 

An Improvement in the performance of a resistive termina¬ 
tion can be obtained by peaking the line to operate at a 
specific length as shown in Figure 10. This technique allows 
the coupler to operate from the peak to peak voltage at the 
end of the line. To avoid overdriving the coupler, the peak¬ 
ing capacitor value must be minimized. It is chosen by ob¬ 
serving the circuit delay time tpm and selecting the 
smallest value of capacitor that significantly decreases this 
delay. With this technique, performance can be expected 
to improve by as much as 20-30% or more, but the values 
of peaking capacitor tend to vary with many of the charac¬ 
teristics of components In all of the elements of the system. 
These Include driver output voltage, line length, line losses, 
coupler delay, etc. This in turn requires each individual 
system to have a selected value of peaking capacitor. 


An active termination utilizes a transistor to act as a line 
voltage to coupler input current regulator. This technique 
ignores any attempt to match the line, but instead converts 
any incoming voltage to a suitable current, once the circuit 
threshold voltage Is exceeded. This tends to decrease 
circuit sensitivity to line length and other line voltage varia¬ 
tions. The'delay of an active circuit can limit the maximum 
system data rate, especially for short transmission distances. 
But, In general, their use can improve the maximum data 
rate at the longer distances. In the system examples, two 
active termination circuits were designed and are illustrated 
in Figures 6, 7 and 8. 

Improving the performance of the active circuit consists of 
finding transistors and circuit designs to perform the voltage 
to Input current regulation function without limiting overall 
system performance. 

OUTPUT TO TTL INTERFACE 

The 6N136 and 6N137 have sufficiently high Input to out¬ 
put coupling efficiency (CTR) that the only component re¬ 
quired to interface the optocoupler to a TTL input gate is a 
pull-up resistor. The 6N135 has a somewhat lower CTR and 
requires an external transistor and resistor to interface with 
a TTL gate input. The actual circuit configuration and values 
required for these interface circuits are illustrated in Fig¬ 
ures 3 through 8. The circuits illustrate, in general, the 
optimum interface for a TTL-TTL compatible circuit. Per¬ 
formance could be Improved through the use of lower 
pull-up resistor values in the coupler output collectors and 
high speed TTL compatible comparators. 


Table 1 

IMPORTANT LINE CHARACTERISTICS OP 8ELDEN 8777 

■ Three sets of two conductor, twisted and Individually foil shielded, 
22 gauge wire 

« Zq (Measured Characteristic Impedancej-SSO line to line 

• Line-to-line capacitance ~ 30pF/ft 

• Line Resistance — 3.2^/100 ft (per conductor pair) 

• Atteriuation at 1 OMHz 4 dB/100 ft 

• Delay ^ 1.0 nsec/ft, 

• Cost ransm Ission Pair 


346 




GLOSSARY 

1. DATA RATE — This term is typically stated In bits per 
second and has no standardized definition when used in 
reference to optocouplers. It is related to the minimum 
pulse transition time that will be passed by the system 
and detected. This in turn is related to the distortion or 
change In duration the pulse experiences upon passing 
through the system. 

2. STEP TRANSIENT DATA RATE MAXIMUM-This 
term, stated In bits per second, Is a function of the maxi¬ 
mum delay experienced by a 0/1 or a 1/0 transition in 
passing through the optocoupier. The step transient data 
rate maximum is defined as: 

STEP TRANSIENT DATA RATE (MAX) = 

1 1 

tPHL tPLH 

whichever is smaller. Where tpLH and tpHL are mea¬ 
sured at the coupler termination input (end of the line) 
and the TTL output and are defined as follows: 


VOLTAGE INTO 
TERMINATION ,_J 
AT THE END OF 

THE LINE, Vab 


-re—n 

L90% 

_ 

^10% 



- rc - 








TTL SYSTEM 

90%j 


10%^ 


OUTPUT (Vout) 








■«— tpLH 


— tpHL 



The tpHL and tpLH measured under these conditions 
approach the maximum delay that will be experienced by 
data sent through the isolator, 

3. MAXIMUM CLOCK DATA RATE - This term defines 
the maximum data rate at which a 50% duty cycle square 
wave (clock) will be distorted to a 90%/10% pulse. It is 

( 


very close to the maximum alternating 1/0 and 0/1 tran¬ 
sition that can be passed by the system. It is defined 
mathematically as: 

MAXIMUM CLOCK DATA RATE = — 


where t<| is defined as: 


VOLTAGE 50% J 

WAVEFORM / 


INTO LINE 

DRIVER 





SYSTEM TTL 
OUTPUT (Vout) 



4. COMMON MODE REJECTION VOLTAGE - This term 
is defined as the maximum sinusoidal voltage at a given 
frequency that can be applied simultaneously to both 
Inputs with respect to output ground and not produce an 
error signal in the system output. In optocouplers, the 
value of this voltage Is very high at low frequencies and 
decreases with increasing frequency until It reaches a 
minimum. The effect is caused by the effective inter- 
circuit capacitance of the emitter and detector chips, 
and the detector gain and bandwidth. (See Figure 11.) 

5. COMMON MODE dv/dt REJECTION MINIMUM - This 
term is defined as the maximum rate of change of voltage 
that can be applied to both inputs simultaneously with 
respect to output ground and not produce an error In 
the system output. Note that this parameter is a function 
of the duration of the change, or equivalently the pulse 
amplitude. The stated values in this application note 
are for a 10V step pulse amplitude generated by a source 
having a controlled risetime and falltime (e.g., HP 8007B). 
(See Figure 11.) 
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Illustration of tpm Waveforms 
Horizontal 200 ns/div. 



Illustration of Max. Clock Data Rate 
Waveforms, Horizontal 500 ns/div. 


Illustration of tpHL Waveforms 
Horizontal 50 ns/div. 


V|N 

VoUT 



V|N 

V2 

VqUT 


Figure 3. TTL Compatible Passive (Resistive) Termination for the 6N135 and Photographs Indicating Measured Performance at the End of the 
300 Ft. Transmission Cable. 


VOLTAGE TO CURRENT 



Figure 6. TTL Compatible Active Termination for the 6N135. 


Table 2. Sumnnary of Performance of 6N135 Data Transmission Systems at 1, 100, and 300 ft. 



Transmission 



Step Transient 

Clock Data 

Worst Case 

Termination 

Distance 

tpLH 

tPHL 

Data Rate Max. 

Rate Max. 

Common Mode Noise Rejection 


(ft) 

(ns) 

(ns) 

(Mb its/s) 

(Mbits/s) 

Sinusoidal 

dV/dt 

RESISTIVE 

1 

475 

500 

2.0 

11.2 

<10kHz: 

250V/psmin. 

(PASSIVE) 

100 

900 

425 

1.1 

3.0 

5.0kV 

pk-pk 


Pig. 3 

300 

1700 

300 

0.6 

0.8 

IMHz: 84V 


ACTIVE 

1 

500 i 

330 

2.0 

5.3 

pk-pk min. 


Fig. 6 

100 

580 1 

270 

t.7 

4.0 




300 

875 

330 

1.1 

1.6 
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Figure 4. TTL Compatible Passive (Resistive) Termination for the 6N136 and Photographs Indicating Measured Performance at the End of the 
300 Ft Cable. 



Figure 7. TTL Compatible Active Termination for the 6N136. 

Table 3. Summary of Performance of 6N136 Data Transmission Systems at 1, 100, and 300 ft. 


Transmission Step Transient Clot^ Data 

Distance tp|_H tpHL Rate Max* Rate Max, 

(ft) (ns) (ns) (Mbits/s) (Mblt$/$) 


Worst Cas0 

Common Mode Noise Rejection 


RESISTIVE 

(PASSIVE) 


<10kHz: 
B.OkV 
pk-pl 

IMHz; 84V 
pk^k min. 


250V/MS min. 


NOTES 
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6N137 


Illustration of tpLH Waveforms 
Horizontal lOOns/div. 


Illustration of tpHL VV^veforms 
Horizontal 20 ns/div. 


Illustration of Max. Clock Data Rate 
Waveforms, Horizontal 200 ns/dIv. 


Figure 5. TTL Compatible Passive (Resistive) Termination for the 6N137 and Photographs indicating Measured Performance at the End of the 
300 Ft. Transmission Cable. 
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Figure 8. TTL Compatible Active Termination for the 6N137. 


Table 4. Summary of Performance of 6N137 Data Transmission Systems at 1, 100, and 300 ft. 



Transmission 



1 Step Transient 

Clock Data 

Worst Case ' 


IDHistance 

tpLH 

tPHL 

Data Rate Mlax. 

1 Rate Max. 

Common Mode Noise Rt^e^^tipn 


/'■v(ft): 

(ns) 

(ns) 

(Mbits/s) 

(Mbits/s) 

Sinusoidal ^ 

^ ,,dWdt 

RESISTIVE 


106 

70 

9.5 

19.0 

<10kHr 

1 40V/psmln. 

(PASSIVE) 

10O 

170 

70 

5.8 

8.0 

S.OkV 

pk-pk 



300 

625 

70 

'l.6 ' 

2.0 

8MHz: 22V 



' - ' , -,i ' '' 

too 

65 

5.3 

11.0 

pk-pk mih. 



too, ' 

190 

70 

5.3 

1 

13.2 




300 

275 

80 

3,9 i 

8.2 
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Figure 9. High Output Voltage Swing, High Current, Wide 
Bandwidth Line Driver that Operates From a 5 Volt Supply 
and Produces a >8.5V Pk to Pk Pulse into 300 Ft. of Belden 
8777 at 10 MHz. 




Figure 10. An Example of Circuit Peaking to improve the 

Performance of the Passive Termination. C^i is Chosen for the 
Minimum Value that Significantly Reduces Input to Output 
Delay Time. In General, Ci Must be Selected individually 
For Each System. 
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Figure 11. Common Mode Measurement Circuit. 









Optically coupled isolators are useful In applications where 
large common mode signals are encountered. Examples are: 
line receivers, logic isolation, power lines, medical equip¬ 
ment and telephone lines. This application note has at least 
one example In each of these areas for the 6N138/9 series 
high CTR couplers. 

HP's 6N138/9 series couplers contain a high gain, high 
speed photodetector that provides a minimum current trans¬ 


fer ratio (CTR) of 300% at input currents of 1.6 mA for 
the 6N138 and 400% at 0.5 mA for the 6N139. The excel¬ 
lent low input current CTR enables these devices to be used 
In applications where low power consumption Is required 
and those applications that do not provide sufficient input 
current for other couplers. Separate pin connections for 
the photodiode and output transistor permit high speed 
operation and TTL compatible output. A base access termi¬ 
nal allows a gain bandwidth adjustment to be made. 


RS-232C COMPATIBLE LINE RECEIVER 

• 25D0V 60Hz Common Mode Rejection 

■ Allows use of Low Cost Line 

• Full 40kbs Data Rate for Line Lengths 

up to 5000' 

■ Hysteresis for Increased Noise Immunity 


♦ANTIPARALLEL DIODE IS NEEDED ONLY IF REVERSE LINE 
VOLTAGE EXCEEDS 15V (TO PREVENT HIGH REVERSE 
VOLTAGE FROM CAUSING POWER DISSIPATION IN EXCESS 
OF INPUT DIODE MAXIMUM BATING). 


REMOVE AND Rg FOR NO HYSTERESIS 



Ra 

Rb 

Rc 

Rl 

Q 

680k Q 

1.5MQ 

1.8kI2 

15kQ 

2N3904 


LOW POWER INTERFACE 

■ Operation at Ip >0.BinA 

■ Low Power Consumption 



f^AX FREQUENCY AT WHICH A 50% DUTY FACTOR AT 

THE INPUT IS DEGENERATED TO 10% OR 90% DUTY FACTOR 
AT THE OUTPUT. 


352 



urn RECEIVER FOR PARTY LINE 

• 1-8 Receivers can be used with circuit shown ■ Typical Rate -ISOkbs 
■ Uses conventional 1C Line Driver Vlh “ 

» Total Line Length 1*300' • Allows use of Low Cost Line 



TELEPHONE RING DETECTOR 

■ Discriminates between Ring and Dial 
Signals 

m Minimal Line Loading (tMOdc, 4SOk^2 
at 20Hz) 



TTL TO TTL INTERFACE 


FOR HJOHER FANOUT WITH COIVIFARABIE 
DATA RATES USE SMALLER VALUES OF R,,^,. 


fMAX tS THE FREGUENCV AT WHICH A 50% 
DUTY FACTOR AT THE INPUT IS DEGENERATED 
TO 10% OR 90% DUTY FACTOR AT THE OUTRUT. 


Rl(G) 

R|j^(i^) 

IpImA) 

^MAX 

2200 

1800 

1.7 

40 

270 

390 

8 

125 

100 

180 

17 

250 
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, QAIM/SPEED TRADE Off 

« Obtain fWiaxtinyin Sfiaad at Required Oain 
■ Sliigie Resistor Required 
9 O$0 same deirice for Multiple AppHoations 


A X tS THE FREQUENCY AT WHICH 
A 60% DUTY FACTOR AT THE INPUT 
IS DEGENERATED TO 10% or 90% DUTY 
factor AT THE OUTPUT. 


VBOOG FT. LINE RECEIVER 

• Drive with Standard TTL Buffer Gate 

■ 2500V 60Hz Common Mode Re|ectton 

■ Allows use of tow Cost tine 
9 40kbs Data Rate 

« TTt Compatible Output 



Rx(Q) 

Rl(^^) 

IlIitiA) 

^MAX 

NONE 

100 

46 

250 

820 

1000 

4.6 

650 



HIGH VOLTAGE STATUS INDICATOR 

• tow Power Consumption 

• TTt Compatible Output 
9 High Speed 

9 Use for Power Turn On Anticipation 
Circuit tt7V tine Monitor or Other 
High Voltage Sensing 


V 



V(Vdc or Vrms) 

Rs 

V • Ip(mW) 

24 

47kS2 

11 

48 

lOOkfi 

22 

117 

220kJ2 

62 

230 

470k.Q 

113 
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COMPONENTS 

APPLICATION NOTE 951-2 

Li 

inear Applications of 
Optocouplers 


Optocouplers are useful in applications where analog or 
DC signals need to be transferred from one module to 
another in the presence of a large potential difference or 
induced noise between the ground or common points of 
these modules. 

Potential applications are those in which large trans¬ 
formers, expensive instrumentation amplifiers or compli¬ 
cated A/D conversion schemes are used. Examples are: 
sensing circuits (thermocouples, transducers ...), patient 
monitoring equipment, power supply feedback, high 
voltage current monitoring, adaptive control systems, 
audio amplifiers and video amplifiers. 

HP’s optocouplers have integrated photodetector/ampli¬ 
fiers with speed and linearity advantages over conven¬ 
tional phototransistors. In a photo transistor, the 
photodetector is the collector-base junction so the 
capacitance impairs the collector rise time. Also, 
amplified photocurrent flows in the collector-base 
junction and modulates the photo-response, thereby 
causing non-linearity. The photodetector in an HP 
optocoupler is a separately integrated diode so its 
photoresponse is not affected by amplified photocurrent 
and its capacitance does not impair speed. Some linear 
isolation schemes employ digital conversion techniques 
(A/D-D/A, PWM, PCM, etc.) in which the higher speed of 
the integrated photodetector permits better linearity and 
bandwidth. 

The 6N135/6N136 is recommended for single channel AC 
analog designs. The HCPL-2530/31 is recommended for 
dual channel DC linear designs. The6N135/6seriesorthe 
6N137 series are recommended for digital conversion 
schemes. 

If the output transistor is biased in the active region, the 
current transfer relationship for the 6N135 series 
optocoupler can be represented as: 

Ic = K )" 

where Ic is the collector current; If is the input LED 
current; If' is the current at which K is measured; K is the 
collector current when If = If'; and n istheslopeof levs. If 
on logarithmic coordinates. 

The exponent n varies with If, but over some limited range 
of AIf, n can be regarded as a constant. The current 
transfer relationship for an opto isolator will be linear only 
if n equals one. 


For the 6N135 series optocoupler, n varies from 
approximately 2 at input currents less than 5mA to 
approximately 1 at input currents greater than 16mA. For 
AC coupled applications, reasonable linearity can be 
obtained with a single optocoupler. The optocoupler Is 
biased at higher levels of input LED current where the ratio 
of incremental photodiode current to incremental LED 
current (0Id/9If) is more nearly constant. 

For better linearity and stability, servo or differential 
linearization techniques can be used. 

The servo linearizer forces the input current of one opto¬ 
coupler to track the input current of the second opto¬ 
coupler by servo action. Thus, if ni-n 2 over the excursion 
range, the non linearities will cancel and the overall 
transfer function will be linear. In the differential 
linearizer, an input signal causes the input current of one 
optocoupler to increase by the same amount that input 
current of the second optocoupler is decreased. If 
n 2 -n 2 - 2 , then again increment in the first optocoupler will 
be balanced by a gain decrement in the second 
optocoupler and the overall transfer function will be 
linear. With these techniques, matching of K will not effect 
the overall linearity of the circuit but will simplify circuit 
realization by reducing the required dynamic range of the 
zero and offset potentiometers. 

Gain and offset stability over temperature is dependent on 
the stability of current sources, resistors, and the opto¬ 
coupler. For the servo technique, changes of K over 
temperature will have only a small effect on overall 
gain and offset as long as the ratio of Ki to K 2 remains 
constant. With the differential technique, changes of K 
over temperature will cause a change In gain of the circuit. 
Offset will remain stable as long as the ratio of Ki to K 2 
remains constant. In the AC circuit, since (9Id/9If) varies 
with temperature, the gain will also vary with temperature. 
A thermister can be used In the output amplifiers of the 
Differential and AC circuits to compensate for this change 
in gain over temperature. 

There are also several digital techniques to transmit an 
optocoupler analog signal. Optocouplers can be used to 
transmit a frequency or pulse width modulated signal. In 
these applications, overall circuit bandwidth is deter¬ 
mined by the required linearity as well as the propagation 
delay of the optocoupler. The 6N137 series optocoupler 
features propagation delays typically less than 50ns and 
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the 6N135 series optocoupler features propagation 
typically less than 300ns. 

In several places the circuits shown call for a current 
source. They can be realized in several ways. If Vcc is 
stable, the current source can be a mirror type circuit as 
shown in Figure 1. 



Figure 1. 

If Vcc is not stable, a simple current source such as the 
ones shown in Figure 2 can be realized with an LED as a 
voltage reference. The LED will approximately compen¬ 
sate the transistor over temperature since AVbe/AT = 
AVf/AT = -2mV/°C: 



After zero adjustment, this transfer function reduces to: 

VouT = R4 IcC 2 [O + x) " -l]. Where x = . n = ^ 

The non linearities in the transfer function where ni m 
can be written as shown below. For example, ifixl ^.35, n = 
1.05, then the linearity error Is 1% of the desired signal. 

linearity error ^ (1 + x)” - n x - 1 
desired signal n x 



Typical Performance for the Servo Linearized 
DC Amplifier: 

1% linearity for 10V p-p dynamic range 
Unity voltage gain 

25 kHz bandwidth (limited by Ui, U 2 ) 

Gain drift: -.03%/° C 

Offset drift: ±1 mV/°C 

Common mode rejection: 46dB at 1 kHz 

500V DC insulation (3000V if 2 single couplers are used) 


Figure 2. 


DIFFERENTtAL ISOLATION AMPLIFIER 


SERVO ISOLATION AMPLIFIER 

The servo amplifier shown in Figure 3 operates on the 
principle that two optocouplers will track each other if 
their gain changes by the same amount over some 
operating region. U 2 compares the outputs of each opto¬ 
coupler and forces If2 through D 2 to be equal to Ifi 
through Di. The constant current sources bias each If at 
3mA quiescent current. Ri has been selected so that Ifi 
varies over the range of 2mA to 4mA as Vin varies from 
—5V to +5V. Ri can be adjusted to accommodate any de¬ 
sired range. With Vin=0, R 2 , is adjusted so that Vout=0. 
Then with Vin at some value, R 4 can be adjusted for a gain 
of 1. Values for R 2 and R 4 have been picked for a worst 
case spread of optocoupler or current transfer ratios. The 
transfer function of the servo amplifier is: 


VoUT = 



'Ki R2(lcc,l"’ y^"^ , Vin \ 

K2R3(Ifi)"i/ \ Ri Icc J 


ni/n2 ^ 
- *002 


The differential amplifier shown in Figure 4 operates on 
the principle that an operating region exists where a gain 
increment in one optocoupler can be approximately 
balanced by a gain decrement in the second optocoupler. 
As Ifi increases due to changes in Vm, If2 decreases by an 
equal amount. If ni = n 2 = 2, then the gain increment 
caused by increases in Ifi will be balanced by the gain 
decrement caused by decreases in If 2 . The constant 
current source biases each If at 3mA quiescent current. Ri 
and R 2 are designed so that If varies over the range of 
2mA to 4mA as Vm varies from -5V to +5V. Ri.and R 2 can 
be adjusted to accommodate any desired dynamic range. 
U3 and U4 are used as a differential current amplifier: 

VqUT = R5 [{R3/R4) Ici — 102] 


R3, R4, Rs have been picked for an amplifier with a gain of 1 
for a worst case spread of coupler current transfer ratios. 
The transfer function of the differential amplifier is: 


VoUT - R5 
if R^Rl = 
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After zero adjustment, this transfer function reduces to: 


VOUT = R 5 K' 


, Ki R3 
where K = —5— 

K 4 




icc 

2 If', 


The non linearities in the transfer function when n i # n 2 
2 can be written as shown below. For example, if Ixl ^ .35, 
ni = 1.9, n 2 = 1.8, then the linearity error is 1.5% of the 
desired signal. 

linearity error ^ (1 + x)”l - (1 - x)^2 " (^i + n2) x ^ ^ 

desired signal (n^ + n2) x Icc 



Figure 4. Differential Type DC Isolation Amplifier. 

Typical Performance of the Differential Linearized 
DC Amplifier; 

3% linearity for 10V p-p dynamic range 
Unity voltage gain 

25 kHz bandwidth (limited by Ui, U 2 , U 3 , U 4 ) 

Gain drift: -.4%/°C 

Offset drift: ±4mV/°C 

Common mode rejection: 70dB at 1 kHz 

3000V DC insulation 

AC COUPLED AMPLIFIER 

In an AC circuit, since there is no requirement for a DC 
reference, a single optocoupler can be utilized by biasing 
the optocoupler in a region of constant incremental CTR 
(0 Id/9If). An example of this type of circuit is shown in 
Figure 5. Qi is biased by Ri, R 2 and R 3 for a collector 
quiescent current of 20mA. R 3 is selected so that If varies 
from 15mA to 25mA for Vin of IV p-p. Under these 



Figure 5. Wide Bandwidth AC Isolation Amplifier. 


operating conditions, the 6N136 operates in a region 
of almost constant incremental CTR. Linearity can be 
improved at the expense of signal-to-noise ratio by 
reducing If excursions. This can be accomplished by 
increasing R3, then adding a resistor from the collector of 
Qi to ground to obtain the desired quiescent If of 20mA. 
Q 2 and Q 3 form a cascade amplifier with feedback applied 
through R 4 and Re. Re is selected as Vbe/h with I 3 selected 
for maximum gain bandwidth product of Q 3 . R? is selected 
to allow maximum excursions of Vout without clipping. R 5 
provides DC bias to Q3. Closed loop gain (AVoltMVin) can 
be adjusted with R 4 . The transfer function of the amplifier 
is: 

Vqut ^7 9Id\ / 1 y R4 R7 \ 

ViN ”\9 IfAR 3/V Re/ 

Typical Performance of the Wide Bandwidth 
AC Amplifier: 

2% linearity over IV p-p dynamic range 
Unity voltage gain 
10 MHz bandwidth 
Gain drift: -. 6 %/°C 

Common mode rejection: 22dB at 1 MHz 
3000V DC insulation 

DIGITAL ISOLATION TECHNIQUES 

Digital conversion techniques can be used to transfer an 
analog signal between two isolated systems. With these 
techniques, the analog signal is converted into some 
digital form and transmitted through the optocoupler. 
This digital information is then converted back to the 
analog signal at the output. Since the optocoupler is used 
only as a switch, the overall circuit linearity is primarily 
dependent on the accuracy by which the analog signal 
can be converted into digital form and then back to the 
analog signal. However, the overall circuit bandwidth is 
limited by the propagation delays of the optocoupler. 
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Figure 6 shows a pulse width modulated scheme to isolate 
an analog signal. The oscillator operates at a fixed 
frequency, f, and the monostable multivibrator varies the 
duty factor of the oscillator proportional to the Input 
signal, Vin. The maximum frequency at which the 
oscillator can be operated Is determined by the required 
linearity of the circuit and the propagation delay of the 
opto isolators: 

(tmax - tmin) (required linearity) > ItpLH “ tPHLi 

At the output, the pulse width modulated signal is then 
converted back to the original analog signal. This can be 


accomplished with an integrator circuit followed by a low 
pass filter or through some type of demodulator circuit 
that gives an output voltage proportional to the duty factor 
of the oscillator. 

Figure 7 shows a voltage to frequency conversion scheme 
to Isolate an analog signal. The voltage to frequency 
converter gives an output frequency proportional to Vin. 
The maximum frequency that can be transmitted through 
the optocoupler is approximately: 

fmax ^ ^ > where t = tpLH or tpHL/ whichever is larger. 




' I OPTIONAi I__ 

|LP. FItTERl OVouT 


Figure 6. Pulse Width Modulation. 



Figure 7. Voltage to Frequency Conversion. 

At the output, the frequency Is converted back Into a 
voltage. The overall circuit linearity is dependent only on 
the linearity of the V-F and F-V converters. 


Another scheme similar to voltage to frequency con¬ 
version is frequency modulation. A carrier frequency, f o, is 
modulated by Af such that f o ± Af Is proportional to Vm. 
Then at the output, Vout is reconstructed with a phase 
locked loop or similar circuit. 

One further scheme to isolate an analog signal is to use 
A-D and D-A converters and transfer the binary or BCD 
information through optocoupler. The information can be 
transmitted through the optocoupler in parallel or serial 
format depending on the outputs available from the A-D 
converter. If serial outputs are not available, the A-D 
outputs can be converted into serial form with a PISO shift 
register and transmitted through one high speed 
optocoupler. This scheme becomes economical espec¬ 
ially where high resolution is required allowing several 
optocouplers to be replaced with one high speed 
optocoupler. Refer to HP Application Note 947 for further 
discussion of digital data transmission techniques. 
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Contrast Enhancement lechniques 


Why Contrast Enhancement? 

The most important attribute of any equipment utilizing a 
digital readout is the ability to clearly display information 
to an observer. A person viewing the display must be able to 
quickly and accurately recognize the information being dis¬ 
played by the instrument. The display, usually front panel 
mounted, must be visible without difficulty in the ambient 
light conditions where the instrument will be used. 

Since most ambient light levels are sufficiently bright to Im¬ 
pair the visibility of an LED display it Is necessary to employ 
certain techniques to develop a high viewing contrast be¬ 
tween the display and its background. Since the quality of 
visibility Is primarily subjective. It is not easily measured or 
treated by analytical means. Thus, human engineering plays 
a very important role in display applications. The best judge 
of the viewing esthetics of a display Is the human eye. In 
short, is the final display design pleasing to the eye when 
viewed in the end use ambient? 

This application note presents various criteria and techniques 
that a display designer should consider to obtain optimum 
contrast enhancement for red, yellow and green LED dis¬ 
plays. A representative list of filter manufacturers and avail¬ 
able filters is given at the end of this discussion. 

Basic Concepts 

The objective of contrast enhancement is to maximize the 
contrast between display "On" and display "Off" condi¬ 
tions. This is accomplished by (1) reducing to a minimum 
the reflected ambient light from the face of the display and 
(2) allowing a maximum of the display's emitted light to 
reach the eye of a viewer. The goal is to achieve a maximum 
contrast between "On" segments and "Off" segments as well 
as a maximum contrast between "Off" segments and display 
package and background. 

Let us begin by defining the following basic terms: 

Contrast Ratio, CR, may be defined as follows: 

_ Source Luminance -f Background Luminance 
Background Luminance 

Contrast Improvement Ratio, CIR, may be defined as 
follows: 

P,P_CR (With Filter) 

CR (Without Filter) 

It is desirable to have as high a CR as possible. One is able to 
measure the improvement in contrast enhancement by the 
CIR. 


Contrast Ratio is usually applied to the face of a display as 
a whole. However, with stretched segment displays, such as 
Hewlett-Packard's 5082-7750 and 5082-7760 displays, it Is 
difficult to achieve a high value of segment on/off contrast 
while effectively concealing the display package from view. 
For example, a display with a black package is easily con¬ 
cealed from view, however, the "Off" segments will be vis¬ 
ible. This is due to the difference In reflectivity between the 
"Off" segments and the black package. 

A reduction in the reflectivity difference between the "Off" 
segments and the package of a stretched segment display may 
be obtained by adding a small amount of dye to color tint 
the segments, and the display package may be colored to 
match the off segment color. With the addition of an appro¬ 
priate optical filter placed in front of the display, the "Off" 
segments tend to be indistinguishable from the background. 
The trade-off is that a colored package is more visible than a 
black package. Because of this trade-off a designer has to de¬ 
cide which is more important, concealing "Off" segments 
or concealing the display package. Since the usual choice Is 
to conceal "Off" segments, Hewlett-Packard Is using this 
colored package technique on Its 5082-7600 series High- 
Efficiency Red, Yellow and Green Stretched Segment Dis¬ 
plays. 

Contrast enhancement under artificial lighting conditions 
may be accomplished by use of selected wavelength optical 
filters. Under bright sunlight conditions contrast enhance¬ 
ment becomes more difficult and requires additional tech¬ 
niques such as the use of louvered filters combined with 
shading of the display. The effect of a wavelength optical 
filter is illustrated in Figure 1. The filtered portion of the 
display can be easily read while the "Off" segments are not 
apparent. By comparison, reading the unfiltered portion of 
the display is difficult. 



Figure 1. Effect of wavelength optical filter on LED display. 
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Eye Response, Peak Wavelength and Dominant 
Wavelength 

The 1931 CIE (Commission Internationale De L'Eclairage) 
standard observer curve, also known as the photopic curve, 
is shown in Figure 2. This curve represents the eye response 
of a standard observer to various wavelengths of light. The 
vivid color ranges are also identified in Figure 2. The pho¬ 
topic curve peaks at 555 nanometers (nm) in the yellowish- 
green region. This peak corresponds to 680 lumens of lumi¬ 
nous flux (Im) per watt of radiated power (W), 

Two wavelengths of the LED emission are important to a 
user of LED displays; Peak Wavelength and Dominant Wave¬ 
length. Peak Wavelength (Xp) is the wavelength of the peak 
of the radiated spectrum. The peak wavelength may be used 
to estimate the approximate amount of display emitted light 
that is passed by an optical filter. For example, if an optical 
filter has a relative transmission of 40% at a given Xp, then 
approximately 40% of the display emitted light at the peak 
wavelength will pass through the filter to the viewer while 
60% will be absorbed. This gives a designer an initial estimate 
of the amount of loss of display emitted light he should ex¬ 
pect. 

Dominant Wavelength (Xd) is used to define the color of an 
LED display. Since an LED approximates a monochromatic 
light source, the dominant wavelength of an LED may be de¬ 
fined as the single wavelength which is perceived by the eye 
to match the complete radiated spectrum of the device. As 
an example, the dominant wavelength of Hewlett-Packard's 
“Yellow" Display, which has a peak wavelength of 583 nm, 
is 585 nm. As shown In Figure 2, the actual color correspond¬ 
ing to Xd = 585 nm is yellowish-orange. Therefore, an opti¬ 
mum wavelength filter will be one thit is yellowish-orange 
(or amber) in color. 

Both peak wavelength and dominant wavelength are listed 
in the electrical-optical characteristics on the data sheets for 
Helwett-Packard's LED display and lamp products. 


Filter Transmittance 

The relative transmittance of an optical filter with respect 
to wavelength Is: 

- Luminous Flux with Filter at Wavelength X 
Luminous Flux without Filter at Wavelength X 

Most manufacturers of wavelength filters for use with LED 
displays provide relative transmittance curves for their prod¬ 
ucts. Sample transmittance curves are presented in Figures 
3, 4, 5 and 6. These curves represent approximate filter 
characteristics which may be used in various ambient light 
levels. The total transmittance curve shape and wavelength 
cut-off points have been chosen in direct relationship to the 
LED radiated spectrum. Each filter curve has been empirical¬ 
ly determined and is similar to commercially available prod¬ 
ucts. The higher the ambient lightD^, the more optically 
dense the filter must be to absorb reflected light from the 
face of the display. Because the display emitted light is also 
strongly absorbed, the display must be driven at a high 
average current to be readily visible. For dim ambient light, 
the filter may have a high value of transmittance as the am¬ 
bient light will be at levels much less than display emitted 
light. The display can now be driven at a low average current. 

Listed on each filter transmittance curve (Figures 3, 4, 5 
and 6) are empirically selected ranges of relative transmit¬ 
tance values at the peak wavelength which may give satis¬ 
factory filtering. For example, a filter to be used with a 
yellow display in moderate ambient lighting could have a 
transmittance value at the peak wavelength [T(Xp)] between 
0.15 and 0.30. The filter wavelength cut-off should occur 
between 530 and 550 nm for best results. 

When selecting a filter, the transmittance curve shape, atten¬ 
uation at the peak wavelength and wavelength cut-off should 
be carefully considered in relationship to the LED radiated 
spectrum and ambient light level so as to obtain optimum 
contrast enhancement. 



[1] Dim ambients are in the range of 3 to 20 footcandles (32 to 
215 lux), moderate ambients are in the range of 20 to 100 foot- 
candles (215 to 1076 lux), and bright ambients are in the range of 
100 to 500 footcandles (1076 to 5382 lux). Footcandle = 
(Im/ft^) and lux = (Im/m^). 



WAVELENGTH (nm) 


Figure 2. CIE Standard observer eye response curve (photopic 
curve), including CIE vivid color ranges. 


Figure 3. Typical transmittance curve for filters to be used with 
HP standard GaAsP red displays. 
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Figure 4. Typical transmittance curves for filters to be used with 
HP high-efficiency red displays. 


Figure 6. Typical transmittance curves for filters to be used with 
HP green displays. 



Figure 5. Typical transmittance curves for filters to be used with 
HP yellow displays. 

Wavelength Filtering 

The application of wavelength filters as described in the 
previous section is the most widely used method of contrast 
enhancement under artificial lighting conditions. Wavelength 
filters are very effective in artificial lighting. However, they 
are not very effective in daylight due to the high level am¬ 
bient light. Filtering in daylight conditions is best achieved 
by using louvered filters (discussed in a later section). 

Figures 7, 8, 9 and 10 show the relationship between arti¬ 
ficial lighting and the spectra of LED displays, both un¬ 
filtered and filtered. Figures 7a through 10a show the re¬ 
lationship between the various LED spectra and the spectra 
of daylight flourescent and incandescent light. The photo¬ 
metric spectrum (shaded curve) is obtained by multiplying 
the LED radiated spectrum [f(X)] by the photopic curve 


[y(X)]. Thus, photometric spectrum = f(X)»y(X), Figures 
7b through 10b demonstrate the effect of a wavelength fil¬ 
ter. The filtered photometric spectrum is what the eye per¬ 
ceives when viewing a display through a filter (shaded curve). 
Thus, filtered photometric spectrum = f(X)*y(X)*T(X). The 
ratio of the area under the filtered photometric spectrum to 
the area under the unfiltered photometric spectrum is the 
fraction of the visible light emitted by the display which is 
transmitted by the filter: 

Fraction of Available _ «/*f(X)*y(X)*T(X)*dX 

Light from Filtered Display y'f(X)*y(X)*dX 

In addition to attenuating a portion of the light emitted by 
the display, a filter also shifts the dominant wavelength, thus 
causing a shift in the perceived color. For a given display 
spectrum, the color shift depends on the cut-off wavelength 
and shape of the filter transmittance characteristic. A choice 
among available filters must be made on the basis of which 
filter and LED combination is most pleasing to the eye. A 
designer must experiment with each filter as he cannot tell 
by transmittance curves alone. The filter spectra presented 
In Figures 3, 4, 5 and 6 are suggested starting points. Filters 
with similar characteristics are commercially available. 

Filtering Red Displays (Xp = 655 nm) Filtering out reflected 
ambient light from red displays Is easily accomplished with 
a long wavelength pass filter having asharp cut-off in the 600 
nm to 625 nm range (see Figures 3 and 7b). Under bright 
flourescent light, a red filter Is very effective due to the low 
concentration of red in the flourescent spectrum. The spec¬ 
trum of incandescent light contains a large amount of red, 
and therefore, it Is difficult to filter red displays effectively 
In bright incandescent light. 

Filtering High-Efficiency Red Displays (Xp = 635 nm) The 
use of a long wavelength pass filter with a cut-off in the 570 
nm to 590 nm range gives essentially the same results as is 
obtained when filtering red displays (see Figures 4 and 8b). 
The resulting color Is a rich reddish-orange. 

Filtering Yellow Displays (Xp = 583 nm) The peak wave¬ 
length of a yellow LED display is in the region of the 
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Figure 7A. Relative relationship between standard GaAsP red LED 
display spectrum, photopic curve and artificial lighting. 


Figure 7B. Effect of a long pass wavelength filter on red 
LED displays. 




Figure 8A. Relative relationship between high-efficiency red LED 
display, photopic curve and artificial lighting. 


Figure 8B. Effect of a long pass wavelength filter on high- 
efficiency red LED displays. 



Xp = 583 



Xp = 583 


X-WAVELENGTH (nm) 


X - WAVELENGTH (nm) 


Figure 9A. Relative relationship between yellow LED displays, 
photopic curve and artificial lighting. 


Figure 9B. Effect of a long pass wavelength filter on yellow 
LED displays. 
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Xp = 565 
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Figure 10A. Relative relationship between green LED displays, 
photopic curve and artificial lighting. 


Figure 10B. Effect of a bandpass wavelength filter on green 
LED displays. 


photopic curve where the eye is most sensitive (see Figure 
9a). Also, there is a high concentration of yellow in the 
spectrum of flourescent light and a lesser amount of yellow 
In incandescent light. Therefore, filters that are more opti¬ 
cally dense than red filters at the peak wavelength are re¬ 
quired to filter yellow displays. The most effective filters 
are the dark yellowish-orange (or dark amber) filters as 
shown in Figure 5. The use of a low transmittance 
yellowish-orange filter, as shown in Figure 9b, results in a 
similar color to that of a gas discharge display. Pure yellow 
filters provide very little contrast enhancement. 

Filtering Green Displays (Xp = 565 nm) The peak wave¬ 
length of a green LED display is only 10 nm from the peak 
of the eye response curve (see Figure 10a). Therefore, it Is 
very difficult to effectively filter green displays. A long 
wavelength pass filter, such as is used for red and yellow 
displays. Is no longer effective. An effective filter is ob¬ 
tained by combining the dye of a short wavelength pass 
filter with the dye of a long wavelength pass filter, thus 
forming a bandpass yellow-green filter which peaks at 565 
nm as shown In Figure 6. Pure green filters peak at 520 nm 
and drop off rapidly in the 550 nm to 570 nm range and 
are not recommended. The best possible filters for green 
LED displays are those which are yellow-green bandpass, 
peaking at 565 nm and dropping off rapidly between 575 
nm and 590 nm. As shown in Figure 10b, this filter passes 
wavelengths 550 to 570 while sharply reducing the longer 
wavelengths in the yellow region. To effectively filter green 
LED displays In flourescent light would require the use of a 
filter with a low transmittance value at the peak wave¬ 
length. This is due to the high concentration of green in the 
flourescent spectrum. It is easier to filter green displays In 
bright incandescent light due to the low concentration of 
green in the incandescent spectrum, see Figure 10a. 

Three manufacturers of wavelength filters are Panel graphic 
Corporation (Chromafllter®). SGL Homaiite and Rohm & 
Haas Company (Plexiglas). The LED filters produced by 
these manufacturers are useable with all of Hewlett- 
Packard's display and lamp products. Table 2 lists some of 
the filter manufacturers and where to go for further infor¬ 
mation. Table 3 lists some specific wavelength filter prod¬ 
ucts with recommended applications. 


Louvered Filters 

Louvered filters are very effective in reducing the amount 
of bright artificial light or daylight reflected from the face 
of a display, without a substantial reduction In display 
emitted light. The construction of a louvered filter is 
diagrammed In Figure 11. Inside a plastic sheet are thin 
parallel louvers which may be oriented at a specific angle 
with respect to the surface normal. The zero degree lou¬ 
vered filter has the louvers perpendicular to the filter 
surface. 

The operation of a louvered filter is similar to a Venetian 
blind as shown in Figure 12. Light from the LED display 
passes between the parallel louvers to the viewer. Off-axis 
ambient light is blocked by the louvers and therefore is not 
able to reach the face of the display to be reflected back to 
the viewer. This results in a very high contrast ratio with 
minimal loss of display emitted light at the On-axis viewing 
angle. The trade-off is a restricted viewing angle. For 
example, the zero degree louvered filter shown in Figure 11 
has a horizontal viewing angle of 180°; however, the verti¬ 
cal viewing included angle Is 60°. The louver aspect ratio 
(louver depth/distance between louvers) determines viewing 
angle, A list of louver option possibilities is given in Table 1. 

Some applications require a louver orientation other than 
zero degrees. For example, an 18 degree louvered filter may 
be used on the sloping top surface of a point of sale termi¬ 
nal. A second. Is the use of a 45 degree louvered filter on 
overhead instrumentation to block out ambient light from 
ceiling mounted lighting fixtures. 

Louvered filters are effective filters for enhancing the view¬ 
ing of LED displays installed in equipment operating under 
daylight ambient conditions. In bright sunlight, the most 
effective filter is the crosshatch louvered filter. This Is 
essentially two zero degree neutral density louvered filters 
oriented at 90 degrees to each other. Red, yellow and green 
digits may be mounted side by side in the same display. 
Using only the crosshatch filter, all digits will be clearly 
visible and easily read in bright sunlight as long as the sun¬ 
light is not parallel to the viewing axis. The trade-off is 
restricted vertical and horizontal viewing. The effective 
viewing cone is an included angle of 40° degrees (for a filter 
aspect ratio of 2.75:1). 
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Figure 11. Construction characteristics of 0° neutral density louvered filter. 


Table 1. Available Options for Louvered 
Filters — Any Combination is Possible 


Aspect Ratio and 
Viewing Angle 

Louver 

Angle 

Louver Color 

2.75:1 =60° 

0° 

Opaque Black 

2.0:1 =90° 

18° 

Translucent Gray 

3.5:1 = 48° 

30° 

Transparent Black 


45° 



Example: 2.75:1 — 18° - Transparent Black 




Figure 12. Operation of a louvered filter. 


LOUVERED CONTRAST 
FILTER 



Neutral density louvered filters are effective by themselves 
in most bright ambient lighting conditions without the aid 
of a secondary wavelength filter. However, colored louvered 
filters may be used for additional wavelength filtering at the 
expense of display emitted light. 

3M Company, Light Control Divison, manufactures lou¬ 
vered filters for LED displays. Their product trade name Is 
"Light Control Film", which is useable with all of Hewlett- 
Packard's LED display and lamp products. 

Circular Polarizing Filters 

Circular Polarizing Filters are effective when used with LED 
displays that have specular reflecting front surfaces. Spec¬ 


ular reflecting surfaces reflect light without scattering. Dis¬ 
plays that have polished glass or plastic facial surfaces 
belong to this category. Circular Polarizing Filters are effec¬ 
tive when used with Hewlett-Packard's 5082-7010, -7100 
and -7300 series displays. 

The operation of a circular polarizer may be described as 
follows. As shown in Figure 13, the filter consists of a 
laminate of a linear polarizer and a quarter wave plate. A 
quarter wave plate has its optical axis parallel to the flat 
surface of the polarizer and is oriented at 45° to the linear 
polarization axis. Non-polarized light is first linearly polar¬ 
ized by the linear polarizer. The linearly polarized light has 
X and y components with respect to the quarter wave plate. 
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Figure 13. The operation of a circular polarizer. 


As the light passes through the quarter wave plate, the x 
and y components emerge 90° out of phase with each 
other. The polarized light now has x and y forming a helical 
pattern with respect to the optical path, and is termed cir¬ 
cular polarized light. As this circular polarized light is re¬ 
flected by the specular reflecting surface, the circular polar¬ 
ization is reversed. When the light passes back through the 
quarter wave plate It becomes linearly polarized at 90° to 
the linear polarizer. Thus reflected ambient light is blocked. 

The advantage of a circular polarizer is that reflected ambi¬ 
ent light is reduced more than 95%. However, the trade-off 
is that display emitted light passing through the circular 
polarizer is reduced by approximately 65% at the peak 
wavelength. This then necessitates an Increased drive cur¬ 
rent for the display, more than that required for a wave¬ 
length filter. 

Circular polarizers are normally colored to obtain addi¬ 
tional selected wavelength filtering. One Caution: outdoor 
applications will require the use of an ultraviolet, uv, filter 
in front of the circular polarizer. Prolonged exposure to 
ultraviolet light will destroy the filter's polarizing proper¬ 
ties. 

Polaroid Corporation manufactures circular polarizing 
filters in the United States. In Europe, E. Kaseman of West 
Germany produces high quality circular polarizers. 


Anti-Refiection Filters, Mounting Bezels 
and Other Suggestions 

Anti-reflection filters: A filtered display still may not be 
readable by an observer if glare Is present on the filter 
surface. Glare can be reduced by the addition of an anti¬ 
reflection surface as part of the filter. Both sections of the 
display shown in Figure 14 are filtered. The left hand filter 
has an anti-reflection surface while the right hand filter 
does not. 

An anti-reflection surface is a mat, or textured, finish or 
coating which diffuses Incident light. The trade-off Is that 
both incident ambient and display emitted light are dif¬ 
fused. It is therefore desirable to mount the filter as close 
to the display as possible to prevent the display image from 
appearing fuzzy. 


Panelgraphic Chromafllters® come standard with an anti¬ 
reflection coating. SGL Homalite offers two grades of a 
molded anti-reflection surface. 3M Company and Polaroid 
also offer anti-reflection surface options. Optical coating 
companies will apply anti-reflection coating for specialized 
applications, though this is usually an expensive process. 
Three companies of many which do commercial filter coat¬ 
ing are: Optical Coating Labs, Inc., Santa Rosa, California; 
Optics Technology, Inc., Redwood City, California; Valpey 
Corporation, Holllston, Massachusetts. 

Mounting bezels: It Is wise to take into account the added 
appearance of a front panel that has the display set-off by a 
bezel. A bezel of black plastic, satin chrome or brushed 
aluminum, as examples, will accent the display and attract 
the eye of the viewer. The best effect can be achieved by a 
custom bezel. Commercial black plastic bezels for digits up 
to .3 Inch (7.62 mm) tall are available, see Table 2. 

Other suggestions: When designing the mounting configura¬ 
tion of a display, consider recessing the display and filter 
0.25 inch (6.35 mm) to 0.5 Inch (12.7 mm) to add some 
shading effect. If a double sided printed circuit board is 
used, keep traces away from the normal viewing area or 
cover the top surface traces with a dark coating so they can 
not be seen. Mount the display panel in such a manner as to 
be easily removed if service should become necessary. If 
possible, mount current limiting resistors on a separate 
board to reduce the ambient temperature in the vicinity of 
the displays. 
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Table 2. List of Filter and Bezel Product Manufacturers 


Table 3. Specific Wavelength Filter Products 


Manufacturer 

Product 

Panelgraphic Corporation 

10 Henderson Drive 

West Caldwell, New Jersey 07006 
Phone: (201) 227-1500 

Chromafilter® — Wave¬ 
length filters with 
anti-reflective coating; 
Red, Yellow, Green 

'SGL Homalite 

11 Brookside Drive 

Wilmington, Delaware 19804 

Phone: (302) 652-3686 

Wavelength filters; two 
optional anti-reflective 
surfaces; three plastic 
grades; Red, Yellow, 
Green 

3M - Company 

Visual Products Division 

3M Center, Bldg. 235-2E 

Saint Paul, Minnesota 55101 

Phone: (612) 733-5747 

3M - Brand 

Light control film; 
louvered filters 

Glarecheq, Ltd. 

1-4 Christina St. 

London EC2A 4PA 

England 

Phone: (44) 1-739-6964 

Spectrafilter 

Rohm and Haas 

Independence Mall West 

Philadelphia, Pennsylvania 19105 

Phone: (215) 592-3000 

Plexiglass; sheet and 
molding powder; 
wavelength filters, 
sold as Oroglas in 
Europe 

Polaroid Corporation 

Polarizer Division 

549 Technology Square 

Cambridge, Massachusetts 02139 

Phone: (617) 864-6000 

Circular polarizing 
filters 

E. K^semann GmbH 

D 8203 Oberaudorf 

West Germany 

Phone: (08033) 342 

Circular polarizing 
filters 

Norbex Division 

Griffith Plastics Corporation 

1027 California Drive 

Burlingame, California 94010 
Phone:(415)344-7691 

DIGIBEZEL®; Plastic 
bezels for LED dis¬ 
plays 

Industrial Electronic Engineers, Inc. 
7720-40 Lemona Avenue 

Van Nuys, California 91405 

Phone: (213) 787-0311 

Plastic bezels for .30 
inch (7,62mm) tall 

LED displays 

Rochester Digital Displays, Inc. 

120 North Main Street 

Fairport, New York 14450 

Phone: (716) 223-6855 

Complete mounting kits 
for H.P. 5082-7300, 
-7700 and -7600 
displays. 


Filter Product 

Type of LED Display 

Ambient Lighting 

Panelgraphic Chromafilter® With Anti-Reflection 

Ruby Red 60 

Dark Red 63 
Scarlet Red 65 

Standard Red 

High-Efficiency Red 

Moderate 

Bright 

Moderate 

Yellow 27 

Yellow 

Moderate 

Green 48 

Green 

Moderate 

Gray 10 

All Colors 

Sunlight 

SGL Homalite, Grade 100 

HI 00-1605 

Standard Red 

Moderate 

HI 00-1670 

High-Efficiency Red 

Moderate 

HI 00-1726 

HI 00-1720 

Yellow 

Dim 

Moderate 

HI 00-1440 

HI 00-1425 

Green 

Dim 

Moderate 

HI00-1266 Gray 

All Colors 

Sunlight 

Anti-Reflection 

LR-72: 0.5 inch (12.70mm) Mounting Distance From Display 

LR-92: Up to 3.0 inch (76.20mm) Mounting Distance From Display 

Rohm & Haas 

Plexiglas 2423 
Oroglas 2444 

Standard Red 

Moderate 

3M Company — Visual Products Division 

Louvered Filters 

R6510 

Standard Red 

Indirect Sunlight 

R6310 

High-Efficiency Red 

Indirect Sunlight 

A5910 

Yellow 

indirect Sunlight 

G5610 

Green 

Indirect Sunlight 

N0220 

25% N.D. Gray 

All Colors 

Sunlight 


Anti-Reflective 

Matte or Very Light Matte Front Surface Finish 


Glarecheq Spectrafilter 


110 

High-Efficiency Red 

Moderate 

118 

112 

Standard Red 

Moderate 

Bright 

106 

Yellow 

Moderate 

107 

Green 

Moderate 

105 

All Colors 

Sunlight 
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packarS application NOTE 966 


Applications of the HP HDSP-2000 
Alphanumeric Display 




This note is intented to serve as a design and application 
guide for users of the HP HDSP-2000 alphanumeric 
display device. The information presented will cover: the 
theory of the device design and operation; considerations 
for specific circuit designs; thermal management, power 
derating, and heat sinking; and intensity modulation 
techniques. 

The HP HDSP-2000 device has been designed to provide a 
high resolution information display subsystem. Each 
character of the 4 character package consists of a 5x7 
array of LEDs which can display a full range of alphabetic 
and numeric characters plus punctuation, mathematical 
and other special symbols. 

Each character is 3.8mm high by 2.2mm wide with 4.5mm 
center to center spacing. The overall package size is 
designed to allow end stacking of multiple clusters to form 
character strings of any desired length. 

ELECTRICAL DESCRIPTION 

The on-board electronics of the HP HDSP-2000 display 
will eliminate some of the classical difficulties associated 
with the use of alphanumeric displays. Traditionally, 
single digit LED dot matrix displays have been organized 
in an x-y addressable array requiring 12 interconnect pins 
per digit plus extensive row and column drive support 
electronics. The HP HDSP-2p00 provides on-board 
storage of decoded row data plus constant current sinking 
row drivers for each of the 28 rows in the 4 character 
display. This approach allows the user to address each 
display package through just 11 active interconnections 
vs. the 176 interconnections and 36 components required 
to effect a similar function using conventional LED 
matrices. 

Figure 1 is a block diagram of the internal circuitry of the 


HP HDSP-2000 display. The device consists of four LED 
matrices and two 14-bit serial-in-parallel-out shift 
registers. The LED matrix for each character is a 5x7 diode 
array organized with the anodes of each column tied in 
common and the cathodes of each row tied in common. 
The 7 row cathode commons of each character are tied to 
the constant current sinking outputs of 7 successive 
stages of the shift register. The like columns of the 4 
characters are tied together and brought to a single 
address pin (i.e., column 1 of all 4 characters is tied to pin 
1, etc.). In this way, any diode in the four 5x7 matrices may 
be addressed by shifting data to the appropriate shift 
register location and applying a voltage to the appropriate 
column. 

The serial-in-parallel-out (SlPO) shift register has \ 
constant current sinking output associated with each shift 
register stage. The output stage is a current mirror design 
with a nominal current gain of 10. The current to the 
reference diode is established from the output voltage of 
the brightness input buffer applied across the current 
reference resistors, R. The reference current flow is 
controlled by a switching transistor tied to the output of 
the associated shift register stage. A logical 1 loaded into 
the shift register will turn the current source “ON” thereby 
sinking current from the row line. A voltage applied to the 
appropriate column input will then turn “ON” the desired 
diode. 

Data is loaded serially into the shift register on the high to 
low transition of the clock line. The data output terminal is 
a TTL buffer interface to the 28th bit of the shift register 
(i.e., the 7th row of character 4 in each package). The Data 
Output is arranged to directly interconnect to the Data 
Input on a succeeding 4 digit HP HDSP-2000 display 
package. The Data, Clock and Vb inputs are all buffered to 
allow direct interface to any TTL or DTL logic family. 
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Figure 1. Block Diagram of the HDSP-2000. 


THEORY OF OPERATION 

Dot matrix aplhanumeric display systems generally have a 
logical organization which prescribes that any character 
be generated as a combination of several subsets of data. 
In a 5x7 matrix, this could be either 5 subsets of 7 bits each 
or 7 subsets of 5 bits each. This technique is utilized to 
reduce from 35 to 5 or 7 the number of outputs required 
from the character generator. In order to display a 
complete character, these subsets of data are then 
presented sequentially to the appropriate locations of the 
display matrix. If this process is repeated at a rate which 
Insures that each of the appropriate matrix locations is re¬ 
energized, a minimum of 100 times per second, the eye will 
perceive a continuous image of the entire character. The 
apparent intensity of each of the display elements will be 
equal to the intensity of that element during the “ON” 
period multiplied by the ratio of “ON” time to refresh 
period. This ratio is referred to as the display duty factor, 
and the technique is referred to as “strobing”. In the case 
of the HP HDSP-2000, each character is made up of 5 
subsets of 7 bits. For a four character display, 28 bits 
representing the first subset of each of the four characters 
are loaded serially into the on-board SlPO shift register 
and the first column is then energized for a period of time, 
T. This process is then repeated for columns 2 through 5. 


If the time required to load the 28 bits into the SlPO shift 
register is t, then the duty factor is: 

° " 5pT) ; 

the term 5(t+T) Is then the refresh period. For a 
satisfactory display, the refresh period should be: 

1/[5(t4-T)] ^ 100 Hz (2) 


or conversely 
5(t+T) < 10 msec, 
which gives 
(t+T) < 2 msec. 



Two milliseconds then is the maximum time period which 
should be allowed for loading and display of each column 
location. For t<^T, the duty factor will approach 20%. The 
number of digits which can be addressed in a single string 
is then dependent upon the minimum acceptable duty 
factor and the choice of clock rate. For instance, at 1 MHz 
clock rate, a 100 character string of 25 packages could be 
operated at a duty factor of 
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(T+t) ~ (No. of bits to be loaded)x(1/1 MHz) 
5(T+t) 

(2 msec) - (700) (ljusec) _ 

5x2 msec 

For most applications, a duty factor of 10% or greater will 
provide more than satisfactory display intensity. In 
brightly illuminated ambient environments, a higher duty 
factor may be desirable whereas, in dim ambient 
situations, the duty factor may have to be reduced in order 
to provide a display with satisfactory contrast. 

DRIVE CIRCUIT CONCEPTS 

A practical display system utilizing the HP HDSP-2000 
display requires interfacing with a character generator 
and refresh memory. A block diagram of such a display 
system is depicted in Figure 2. In explanation, assume that 
this system is for a four character display. Therefore, the 
1/N counter becomes a 1/4 counter where N is equal to the 
number of characters in the string. The refresh memory is 
utilized to store the information to be displayed. 
Information can be coded in any one of several different 
standard data codes, such as ASCII or EBDIC, or the code 
and the display font can be customized through the use of 
a custom coded ROM. The only requirement Is the output 
data be generated as 5 subsets of 7 bits each. The 
character generator receives data from the refresh 
memory and outputs 7 display data bits corresponding to 
the character and the column select data input. This data 
is converted to serial format In the parallel to serial shift 
register for clocking into the HP HDSP-2000 display shift 
register. In the typical system, the right most character to 
be displayed is selected first and the data corresponding 


to the ON and OFF display elements In the fist column is 
clocked into the first 7 shift register locations of the HP 
HDSP-2000. In a similar manner, column 1 data for 
characters 3, 2, and 1 is selected by the 1/N counter, 
decoded and shifted Into the display shift register. After 28 
clock counts, data for each character is located In the HP 
HDSP-2000 shift register locations which are associated 
with the 7 rows of the appropriate LED matrix. The 1/N 
counter overflows, triggering the display time counter, 
enabling the output of the 1/5 column select decoder and 
disabling the clock Input to the HP HDSP-2000. The 
information now present in the shift registers will be 
displayed for a period, T, at the column 1 location. At the 
end of the display period, T, the divide by 5 counter which 
provides column select data for both the HP HDSP-2000 
and the character generator is Incremented one count and 
column 2 data is then loaded and displayed in the same 
manner as column 1. This process is repeated for each of 
the 5 columns which comprise the 5 subsets of data 
necessary to display the desired characters. After the fifth 
count, the 1/5 decoder automatically resets to one and the 
sequence is repeated. The only changes required to 
extend this interface to character strings of more than 4 
digits are to increase the size of the refresh memory and to 
change the divide by four counter to a modulus equal to 
the number of digits in the desired string. 

Since data is loaded for all of the like columns in the 
display string and these columns are then enabled 
simultaneously, only five column switch transistors are 
required regardless of the number of characters in the 
string. The column switch transistors should be selected 
to handle approxmately 110mA per character in the 
display string. The collector emitter saturation voltage 
characteristics and column voltage supply should be 
chosen to provide a 2.6V ^ Vcol ^ Vcc. To save on power 



Figure 2. Block Diagram of a Basic Display System. 
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supply costs and improve efficiency, this supply may be a 
fullwave rectified unregulated DC voltage as long as the 
PEAK value does not exceed the value of Vcc and the 
minimum value does not drop below 2.6 volts. 

Since large current transients can occur if a column line is 
enabled during data shifting operations, the most 
satisfactory operation will be achieved if the column 
current is switched off before clocking begins. Ice will be 
reduced by about 10-15% if the clock is held in the logical 
1 state during the display period, T. 

INTERFACE CIRCUITS FOR THE HP HDSP-2000 

There are many possible practical techniques for 
interfacing to the HP HDSP-2000 alphanumeric display. 
Three basic approaches will be treated here. 


D.F. 


(8 X 2 V (8 X 2 “) 
5 (8 X 2’) 


= 17.5% 


and the refresh period is 

5 (8 X 2^) T, 

where r = clock period. 

The four least significant bits of the CD4520 counter are 
used to continually address the CD4036 refresh memory. 
Data can be written into the desired memory address by 
strobing the WRITE ENABLE line when the appropriate 
memory address appears on the WRITE ADDRESS lines. 
This function can occur simultaneously with a read from 
memory. 


Instrumentation Interface Circuit 

The circuit shown In Figure 3 is for a 16 character display 
and Is designed to function primarily as a readout for 
general instrumentation systems. CMOS logic circuitry is 
utilized In this design, however, it should be a simple 
exercise to substitute TTL functions If CMOS Is not 
desired. In this circuit, a CD4022 and CD4520 are 
combined to perform the functions of the divide by 7, 
divide by 16 (1/N) and display time counters as depicted in 
Figure 2. The timing diagram. Figure 4, demonstrates the 
relationship of the various critical outputs and inputs. The 
CD4022 actually acts here as a divide by 8 counter with the 
first count used to latch data into the parallel-in-serial-out 
(PISO) shift register and the other 7 counts shifting data 
out of the PISO and into the H P HDSP-2000. The CD4520 is 
a dual 4 bit counter wired as an 8 bit binary ripple counter. 
The NAND gate, Ui, establishes the ratio of loading time to 
display time. In this case, loading will occur once in every 
8x2^ clock counts for a period of 8 x 2"^ clock counts. Duty 
factor is then from (1) 


Two counters, a CD4029 and a CD4022, are used for the 
column data generator and the column select decoder, 
respectively. Note that the Signetics 2516 character 
generator requires column select inputs of binary codes 1 
to 5 instead of binary 0 to 4. For this reason, the CD4029 is 
preset to a binary 1 by the same pulse which is used to 
reset the CD4022 column select decoder. To minimize Ice, 
the Vb terminal is held low during data load operations, 
turning “OFF” the current mirror reference current. The 
column current switch is a PNP Darlington transistor 
driven from a buffered NAND gate. The 1N4720 serves to 
reduce the column voltage by approximately 1 volt, 
thereby reducing on board power dissipation in the HP 
HDSP-2000 devices. Due to maximum clock rate limita¬ 
tions of the CMOS logic, clock input should not exceed 
1 MHz. 

32 Character Keyboard Interface Circuit 

The circuit shown in Figure 5 will directly interface the HP 
HDSP-2000 display to most standard keyboards. Interfac- 
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Figure 4. Timing Diagram for Display interface. 
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ing to a keyboard without a “smart” system to generate 
some of the special functions required can result in some 
unique problems which must be considered. This system 
provides the following special features: 

• Provides a cursor to indicate the position In the line of 
the next character to be entered. 

• Blanks all data to the right of the cursor in the display. 

• Provides for external display blanking and intensity 
control. 

• Implements “Return” and “Backspace” functions. 

The timing and data scan portions of this circuit are 
similar to those of the circuit shown in Figure 3 and will not 
be reviewed in detail. These portions of the circuit are 
enclosed in the dashed line. The major addition to the 
circuit which allows simple implementation of the special 
functions is a position counter and comparator. The 
position counter is an up-down counter which is preset to 
n-1 (n = number of characters in the display string) by 
“RETURN”. The counter is decremented for each 
keystroke representing a valid display character and 
incremented for a “BACKSPACE” input code. A Fairchild 
9324 five bit comparator compares the position counter 
output to the memory scan address. The memory scan 
begins at zero and represents the data for the right most 
(32nd) character In the display. The position count is 
Indicative of the number of character keystrokes which 
have decremented the position counter from 31. The 
comparator senses two conditions of the relative values of 
the two counters. For memory scan equal to position 
count, the A=B output of the comparator will be a logical 
“1”. For all other conditions of the two counters, A=B is a 
logical “0”. This signal Is Inverted and is used to gate data 
from the PISO via Ui into the HP HDSP-2000. For the 
condition A=B, the gating input is a logical “0” and the 
output of NAND gate U 2 is therefore held at a logical “1”. 
This will cause all of the diodes associated with the 
character position A=B to be illuminated, thus forming the 
“cursor”. The second condition which is sensed by the 
comparator is for a memory scan count less than position 
count, (A>B). This condition represents all character data 
to the right of the cursor and results in a logical “1 ” at the 
“A>B” output of the comparator. It is normally desirable 
for these characters to blank, hence a logical “0” should 
be loaded into the corresponding HP HDSP-2000 shift 
register locations. This is implemented by inverting the 
“A>B” output and applying the resulting signal to one 
input of NAND gate, Ui. For “A>B” at a logical “1”, the 
output of Ui will be a logical “1”. This signal will then be 
inverted by U 2 , causing logical “0” data to be loaded into 
the HP HDSP-2000 shift register for all characters to the 
right of the cursor. For “A=B” and “A<B”, Ui will pass 
inverted data from the PISO to U 2 . These comparator 
signals are also used to control the loading of data into the 
proper refresh memory location. Keyboard data Is initially 
stored in the 7475 D latches using the keyboard 
“STROBE” signal to trigger a one shot clock pulse from 
U 3 . This pulse triggers a second one shot, U 4 , which gates 
a “SET” signal to the load control flip flops, U 5 and Ue, for 
any valid character code. This arms the load control so 
that a write enable pulse will be sent to the 7489 RAM as 
soon as “A=B”. The “A=B” signal is used to prevent a 
second data entry from occurring during the middle of a 


write pulse. The write pulse also clears the load control 
flip-flops on the next clock cycle so that a new arriving 
signal can be recognized. The Q output of U 5 is also used 
to decrement the position counter. 

The other special functions which are added to the circuit 
of Figure 3 are an intensity control and a blanking input. 
Intensity control is realized through the 74122 retrigger- 
able monostable multivibrator, U?. This circuit controls 
the time that the column select decoder is enabled during 
the display time, T. The display is externally blanked by 
holding the “RESET” Input of the column select counter at 
a logical “0”. 

The circuit shown In Figure 5 is also convenient for use In 
instrumentation and computer readouts. Inthis^tuation, 
a “Busy” signal composed of Q-U 2 , Q-U 3 and Q-U 4 will 
allow the display Interface to indicate to the driving 
system when data can be accepted. 

Remote Display-Interface 

In many systems, it is desirable to display data at multiple 
remote locations without having to provide the relatively 
complex and expensive decoding and timing scheme 
depicted In the previous two examples. This type of 
application may most often be utilized In paging system 
readouts, remote message displays and other systems 
where multiple displays would be addressed from a single 
central processor. The circuit shown in Figure 6 is 
designed to store and display a string of decoded data. 
The circuit requires data input from a system which can 
generate and serially output display and column select 
data — for instance, a minicomputer or microprocessor. 
The total number of bits of storage required (including the 
HP HDSP-2000 and the 5 bit column select shift register) 
is: 

Storage = 35 N + 25. (5) 

where N = the number of characters in the display string. 

The data input format should be divided into 5 equal 
subsets of information. Each subset should contain all of 
the data required to completely load the HP HDSP-2000 
display string shift register (7N bits) for a given column, 
proceeded by a 5-bit column select code which will be 
shifted into the 5-bit SlPO at the HP HDSP-2000 output. 
The circuit has been designed to operate from two differ¬ 
ent clocks. This is important in systems where the display 
may be radio link addressed with the DATA ENTRY 
CLOCK being reconstituted from the data stream. For 
loading, LO AD DAT A is taken low and loading can com¬ 
mence after READY goes low. Data is entered into the shift 
register through a gated input. The data string must con¬ 
tain the proper number of bits as defined by (5) and should 
be loaded in the shift register with one of the 5-blt column 
select codes loaded fully In the column select SlPO s hift 
register. After loading is complete, LOAD DATA is 
returned high and clocking will be controlled by the 
DISPLAY CLOCK. The display clocking is designed to 
shift the stored data by 7N + 5 bits and then stop and 
display the shift-register contents for a period of time, T, as 
defined by the period of the one shot, Ui. Ui Is triggered 
when the clock line goes low after the synchronous 
counter has counted to 7N + 5. The output of Ui resets the 
counter and disables the counting until the end of the 
period, T. The D flip-flop, U 2 , Insures that clock pulses to 


373 








Figure 5. 32 Character Keyboard interface Circuit. 
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the shift registers always start synchronous with the 
beginning of a full clock cycle so that erroneous clocking 
will not occur. Usis utilized to give intensity control for the 
HP HDSP-2000, if desired. It can be overridden by 
connecting the U 4 (i- 5 ) input to the Q output of Ui Instead 
of U 3 . 

The shift register memory utilized in this circuit Is only one 
of several forms of memory which could be chosen. 
Another possibility would be the use of a 512 x 1 bit or 1024 
X 1 bit RAM. The counter outputs would then be used to 
select the RAM address. 

POWER DISSIPATION/JUNCTION TEMPERATURE 
CALCULATIONS 

The HP HDSP-2000 combines a significant amount of 
logic and display capability in a very small package. As 
such, on board power dissipation is relatively high and 
thermal design of the display mounting becomes an 
important consideration. The HP HDSP-2000 is designed 
to permit operation over a wide range of temperature and 
supply voltages. Full power operation at Ta = 25°C (with 
Vcc = Vb = VcoL = 5.25V) is acceptable if the thermal 
resistance from pins to ambient, 0 ca, is no greater than 
35°C/watt/cluster. This value assumes that the mounting 
surface of the display becomes an isothermal plane. If 
only one display is operated on this isothermal plane at 1.7 
watts maximum, then the temperature raise above 
ambient is: 

Trise = [35°C/watt] x 1.7 watts = 42.5° C. (6) 

If a second display is placed on this same thermal plane, 
with no increase in thermal dissipation capability the 
temperature would be doubled (I.e., 85°C) ~ reaching 
catastrophic levels very quickly. However, In most 


applications maximum achievable power dissipation is 
considerably less than the maximum allowable package 
dissipation of 1.7W. Calculation of power dissipation in 
the HP HDSP-2000 can be made using the following 
formula: 


Pd = P(lcc) + P(Iref) + P(Icol) 

(7) 

where 


P(lcc) = Icc (Vb = 0.4V) X Vcc 

(8) 

P(Iref) = (Icc(Vb = 2.4V) - lcc(VB = 0.4V)] xVccx(n/35) 

x5xD.F. 

(9) 

P(Icol) = IcoL X Vcol x (n/35) x 5 x D.F. 

(10) 


where 

Ice is measured with all S.R. stages equal to logical 1. 
n = average number of diodes Illuminated per character. 
D.F. = Column On Time from equation (1) or the 
Column On Time due to pulse width modulation of Vb, 
whichever is lower. 

As can be seen from formulas (8), (9) and (10), there are 
several techniques by which total power dissipation can 
be derated: 

• Lower Vcc to minimum 

• Lower Vcol to minimum 

• Lower D.F. 

Maximum and typical power dissipation can be calculated 
from the maximum and typical values of Ice and IcoL 
published in the HP HDSP-2000 data sheet. While it is 
possible to operate the columns of the HDSP-2000 display 
using fullwave rectified unregulated DC, lower power 
dissipation can be achieved by using the regulated Vcc 
supply. Then, Vcol is equal to Vcc minus the collector to 
emitter saturation voltage across the column switching 
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Figure 6. Display Interface Designed to Accept Decoded Data. 
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transistors. Since the minimum recommended Vcol is 
2.6V, PNP Darlington transistors with a silicon diode in 
series with the emitter can be used to lower the power 
dissipation within the display. In most implementations of 
the ASCII character set the maximum number of diodes 
illuminated within a display character, n, is 21 while a 
typical character has 15 dots illuminated. While the 
maximum D.F. is 20%, in most applications D.F, < 17.5% 
due to the required time to load the display. A D.F. of 17.5% 
represents a (7/8) ratio of display time to total time such as 
illustrated in the circuit shown in Figure 3. Many 
applications achieve a D.F. much lower than 17.5%. For 
example, the HDSP-2470 alphanumeric display system 
when configured for 40 characters has a D.F. of 11.6%. 

As an example, the maximum power dissipation can be 
calculated for the circuit shown in Figure 3. In this circuit 
Vcol(MAX) = 5.25V - 1.3V (MPS-U95 @ 1.6A) - .85V 
(1N4720 @ 1.6A) = 3.10V. Thus maximum achievable 
power dissipation can be calculated as shown below: 


P(lcc) = 60mA X 5.25V (11) 

= 315mW 

P(Iref) = (95mA-60mA) x 5.25V x (21/35) x 5 x 0.175 
= 96.5mW (12) 

P(Icol) = 410mA X 3.1V x (21/35) x 5 x 0.175 (13) 

= 667 mW 

Pd = P(lcc) + P(Iref) + P(Icol) (14) 

= 1079 mW 

Similarly, typical power dissipation can be calculated as: 

P(lcc) = 45mA X 5.00V (15) 

= 225 mW 

P(Iref) = (73mA -45mA) x 5.00V x (15/35) x 5 x 0.175 
= 52.5mW (16) 

P( Icol) = 335mA x (5.00V -1.3V -.85V) x (15/35) x 5 x 0.175 
= 358 mW (17) 

Pd = P(lcc) + P(Iref) + P(ICOL) (18) 

= 636 mW 


For operation at the maximum temperature of 70°C, it is 
important that the following criteria be met: 

a. Tcase ^ 100°C, 

where Tcase = hottest pin temperature 

b. Tic junction < 125°C 

Thermal resistance from junction to case, 0jc, is typically 
25°C/watt. Using these factors, it is possible to determine 
the required heat sink power dissipation capability and 
associated power derating through the following assump¬ 
tions: 

Tic junction = (<9ca x Pd) + Ojc ' (19) 

Tcase = (0CA) Pd (20) 

where ^ j is the power dissipated m each 1C. 

HEAT SINKING CONSIDERATIONS 

In practice, heat sink design for the HP HDSP-2000 
involves optimization of techniques to dissipate heat 
through the device leads. Figures 7 and 8 schematically 
depict two possible heat sink designs. In many 
applications, a maximum metalized printed circuit board 
such as shown In Figure 7 can provide adequate heat 
sinking for the HDSP-2000 display. For example, the 
HDSP-2416/-2424/-2432/-2440 display boards consist of 


HDSP-2432 DISPLAY BOARD 



Figure 7. Maximum Metalized Printed Circuit for the HP HDSP-2000. 


THERMAL 

CONDUCTING 

COMPOUND 



METALIZATION PATTERN 


Figure 8. Two-Part Heat Sink for the HP HDSP-2000. 

a 16, 24, 32 or 40 character HDSP-2000 display mounted 
on a maximum metalized printed circuit board. These 
display boards are designed for free air operation to 55° C 
and operation to 70°C with forced air cooling of 150 fpm 
normal to the component side of the board. A free air 
operating temperature of 70°C can be achieved by heat 
sinking the display. Figure 8 depicts a two part heat sink 
which can be assembled using two different extruded 
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parts. In this design, the vertical fins promote heat transfer 
due to naturally Induced convection. Care should be 
taken to insure a good thermal path between the two 
portions of the heat sink. To optimize power handling 
capability, the metal heat transfer contact area between 
the PCB metalization and the heat sink should be 
maximized. A surface area of approximately 8 square 
inches per cluster will permit operation at 1.1 watts/ 
cluster at the maximum operating temperature of 70®C 
ambient. The value of 1.1 watts/cluster is easily achieved 
by reduction of Vcol to 3 volts. Next to increasing total 
heat sink area, a provision for at least some forced air flow 
is probably the most effective means of improving heat 
transfer. Thermal design for the HP HDSP-2000 must be 
carefully considered as operation at excess temperatures 
can lead to premature failure. 

The HP HDSP-2000 displays may also be mounted In 
standard DIP sockets which are cut down to accept the 6 
pin devices In end-to-end strings. Another alternative for 
socket mounting is the stripline socket such as the Augat 
325-AG1D or AMP 583773. These sockets will allow 
enough space bewteen the PCB and the HP HDSP-2000 
to permit a heat sink bar to be inserted to conduct heat to 
an external sink. Most sockets add a thermal resistance of 
about 2®C/watt bewteen the device leads and the PCB. 

DISPLAY INTENSITY MATCHING AND CONTROL 

The luminous intensity of LED displays in general has a 
fairly wide dynamic range. If there is too great a difference 
between the luminous intensity of adjacent characters in 
the display string, the display will appear objectionable to 
the viewer. To solve the problem, the HP HDSP-2000 
displays are categorized for luminous intensity. The 
category of each display package is indicated by a letter 
preceding the date code on the package. When 
assembling display strings, all packages in the string 
should have the same intensity category. This will insure 
satisfactory intensity matching of the characters. The HP 
HDSP-2000 displays are categorized In 8 overlapping 
intensity categories. All characters of all packages 
designated to be within a given letter category will fall 
within an intensity ratio of less than 2:1. For dot matrix 
displays, a character-to-character Intensity ratio of 2:1 Is 
not generally discernable to the human eye. 

A more important consideration regarding display 
Intensity is the control of the Intensity with respect to the 
ambient lighting level. In dim ambients, a very bright 
display will produce very rapid viewer fatigue. Conversely, 
in bright ambient situations, a dim display will be difficult, 
if not impossible, to read and will also produce viewer 
fatigue and high error rates. For this reason, control of 
display Intensity with respect to the environment ambient 
intensity is an Important consideration. Figure 9 depicts a 
scheme which will automatically control display intensity 
as a function of ambient Intensity. This circuit utilizes a 
resettable one shot multivibrator which is triggered by the 
column enable pulse. The duration of the multivibrator 
output is controlled by a photoconductor. At the end of a 
column enable pulse, the multivibrator is reset to insure 
that column current is off prior to the initiation of a new 
display shift register loading sequence. The output of this 
circuit is used to modulate either the Vb Inputs of the HP 
HDSP-2000 displays or the column enable input circuitry. 
For maximum reduction In display power, both inputs 
should be modulated. 



FOR DECREASING 

AMBIENT 

ILLUMINATION 


Figure 9. intensity Modulation Control Using a One Shot 
Multivibrator. 


In the circuit shown In Figure 9, the photocell may be 
replaced by a 50K potentiometer to allow manual control 
of display intensity. 

Contrast Enhancement 

Another Important consideration for optimum display 
appearance and readablity is the contrast between the 
display “ON” elements and the background. High contrast 
can be achieved by merely driving the highest possible 
power into the display. This, of course, is feasible in some 
situations as long as ambient lighting is not too intense 
and power dissipation is not a consideration. A much 
more practical technique Is the use of an effective contrast 
enhancement filter material. The following materials, 
Panelgraphic Ruby Red 60 and Dark Red 63 or SQL 
Homalite H100-1605 and H100-1670 will all provide 
Improved contrast for the HP HDSP-2000 display. Other 
good practices to enhance display contrast are to avoid 
PCB traces in the visible areas around the display and, if 
possible, the utilization of a black silk screen over the 
relatively light PCB areas around the display. The subject 
of contrast enhancement is treated in greater detail In HP 
Application Note 964. Microprocessor interfaces to the 
HDSP-2000 display are shown in HP Application Note 
1001. 

KEY POINTS REGARDING THE HP HDSP-2000: 

• A logical “1” in the display shift register turns a 
corresponding LED “ON". 

• Clocking occurs on the high to low transition of 
the clock input. 

• A character generator which produces 7 bit 
“COLUMN” data should be utilized. 

• The internal shift register is 28 bits in length. 

[ • Each column should be refreshed at a minimum 
rate of 100 Hz. 
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The following is a list of commercially available character generators which can be used in conjunction with the HP HDSP- 
2000. These devices are all programmed to convert from ASCI I Input code to 5 sets of 7 bits each for a 5 x 7 display format. 
Any desired input-output coding can be utilized in custom programmed ROMs. 




Typical 

Required 

Typical 

Manufacturer 

Part Number 

Access Time 

Power Supplies 

Power Dissipation 

Texas Instruments 

TMS 4100 

500 nsec 

±12V 

450 mW 

National 

5241 ABL 

700 nsec 

±12V 


Signetics 

2513 

450 nsec 

±5V 

290 mW 




-12V 



2516 

500 nsec 

±5V 

280 mW 




-12V 


AMI 

S8773B 

450 nsec 

+5V 

625 mW (max) 




-12V 


Mostek 

2002 


±14V 

320 mW 


2302 


+5V 

200 mW 




-12V 


Electronic Arrays 

40105 

750 nsec 

±12V 

430 mW 

Fairchild 

3257 

500 nsec 

+5V 

360 mW 




-12V 



Figure 10. Column Output Character Generators Suitable for Use with the HP HDSP-2000. 


The refresh memory for the HP HDSP-2000 display can take any one of sever^al different forms. The following table lists a 
few of the devices which the display system designer may find convenient. 


Type 

Organization 

Bipolar RAM 

Words X Bits 

*7489 

16x4 

*7481A 

16x 1 

*7484A 

16x 1 

Fairchild 93403 

16x 4 

Intel 3101 

16x 4 

Intel 3104 

4x4 

MOS RAM 1 

Tl TMS 4000 JC/NC 

16x 8 

! CMOS RAM 1 

RCA CD 4036 

4x8 

RCA CD 4039 

4x8 

National 74C89 

16x4 

Motorola MCM 4064 

16x 4 

Shift Register 

Tl TMS 3112 

32x6 

Signetics 2518 

32x6 

Signetics 2519 

40x6 

Fairchild 3348 

32 X 6 

Fairchild 3349 

32x6 


‘Standard 7400 Series TTL logic parts available from most Integrated 
Circuits manufacturers. 


Figure 11. Memory Elements Which can be Utilized in HDSP-2000 Display Systems. 
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WfiiM HEWLETT 
mlHim PACKARD 


APPLICATION NOTE 1000 


Digital Data Transmission 
With the HP Fiber Optic System 


Fiber optics can provide solutions to many data 
transmission system design problems. The purpose of this 
application note Is to aid designers in obtaining optimal 
benefits from this relatively new technology. Following a 
brief review of the merits, as well as the limitations, of fiber 
optics relative to other media, there is a description of the 
optical, mechanical, and electrical fundamentals of fiber 
optic data transmission system design. How these 
fundamentals apply is seen in the detailed description of 
the Hewlett-Packard system. The remainder of the note 
deals with techniques recommended for operation and 
maintenance of the Hewlett-Packard system, with 
particular attention given to deriving maximum benefit 
from the unique features it provides. 

ELECTRICAL WIRE VS. FIBER OPTICS 

I n fiber optic cables, the signals are transmitted in the form 
of energy packets (photons) which have no electrical 
charge. Consequently, it is physically impossible for high 
electric fields (lightning, high-voltage, etc.) or large 
magnetic fields (heavy electrical machinery, trans¬ 
formers, cyclotrons, etc.) to affect the transmission. 
Although there can be a slight leakage of flux from an 
optical fiber, shielding Is easily done with an opaque 
jacket, so signal-bearing fibers cannot interfere with each 
other or with the most sensitive electric circuits, and the 
optically-transmitted Information Is, therefore, secure 
from external detection. In some applications, optical 
fibers carry signals large enough to be energetically 
useful (e.g., for photocoagulation) and potentially 
harmful, but in most data communication applications, 
economy dictates the use of flux levels of 100 mW or less. 
Such levels are radiologically safe and in the event of a 
broken or damaged cable, the escaping flux is harmless in 
explosive environments where a spark from a broken wire 
could be disastrous. Jacketed fiber optic cables can 
tolerate more mechanical abuse (crush, impact, flexure) 
than electrical cables of comparable size; moreover, fiber 
optic cables have an enormous weight and size advantage 
— for equivalent information capacity. Properly cabled 
optical fibers can tolerate any kind of weather and can, 
without ill-effect, be immersed in most fluids, including 
polluted air and water. 

Bandwidth considerations clearly give the advantage to 
fiber optics. In either parallel- or coaxial-wire cable, the 


bandwidth varies inversely as the square of the length, 
while in fiber optic cable it varies inversely as only the 
FIRST power of the length. Here are some typical values 
for length, £ , in metres: 

(1) f3dB= MHz tor HFBR-3001 to 3005 cables 

(2) f3dB= MHz for typical 50n coax (RG-59) 

For example, if £ = 100m, the 3dB frequency is only 
22.5MHz for the coax cable, but for the fiber optic cable it 
is 120MHz. 

The limitations of fiber optics arise mainly from the means 
for producing the optical flux and from flux losses. While 
the power into a wire cable can easily and inexpensively 
be made several watts, the flux into a fiber optic cable is 
typically much less than a milliwatt. Wire cable may have 
several signal “taps”: multiple taps on fiber optic cables 
are economically impractical at present. 

The losses in a point-to-point fiber optic system are 
insertion loss at the input and output, connector loss, and 
transmission loss proportional to cable length. Variations 
In these losses require a receiver with a dynamic range 
capable of accommodating these variations and yet able 
to provide adequate BW (bandwidth) and SNR (signal- 
to noise) ratio at the lowest flux level. Fortunately, no 
noise is picked up by a fiber optic cable so the receiver 
SNR at any BW is limited only by the noise produced 
within the receiver. 

Fiber optics is not the best solution to every data 
transmission problem; but where safety, security, dur¬ 
ability, electrical isolation, noise immunity, size, weight, 
and bandwidth are paramount, it has a clear advantage 
over wire. 

FIBER OPTIC FUNDAMENTALS 

Flux coupled into an optical fiber is largely prevented from 
escaping through the wall by being re-directed toward the 
center of the fiber. The basis for such re-direction is the 
index of refraction, ni, of the core relative to the index of 
refraction, n 2 , of the cladding. 

Index of refraction is defined as the ratio of the velocity of 
light in a given medium to the velocity of lightinavacuum. 
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SNELL'S LAW nisiiK^, = n2Sin(;2 
sin^c 02 < n-| 



NUMERICAL APERTURE 
N.A. = sinO^ WHEN Oq = 1 

N.A. = s/n \/2An 

FOR SMALL N.A. 


sinO;^ = — - 02^ = 


n(jsin0A = n-iSinOO' - Oq) 

= n']CO$0(; 

= n-,\/1 - sinZOg 
= Oiv/I “ (n2/ni) ^ 

= Vni2 - 02^ 



N.A. DEPENDS 
MAINLY ON 
An = Oi - 02 


Figure 2. Total Internal Reflection. 


As a ray of light passes from one medium into another of a 
different index of refraction, the direction changes 
according to Snell’s Law: 

(3) ni sln0i = n 2 sin02 | SNELL’S 

This is illustrated in Figure 1. Notice that the relationship 
between the angles is the same, whether the ray is incident 
from the high-index side (m) or low-index side (n 2 ). For 
rays incident from the high-index side, there is a particular 
Incidence angle for which the exit angle is ninety degrees. 
This Is called the critical angle. At incidence angles less 
than the critical angle, there is only a partial reflection, but 
for angles greater than the critical angle, the ray is totally 
reflected. This phenomenon is called TOTAL INTERNAL 
REFLECTION (TIR). 

Numerical Aperture. 

Rays within the core of an optical fiber may be incident at 
various angles, but TIR applies only to those rays which 
are Incident at angles greater than the critical angle. TIR 
prevents these rays from leaving the core until they reach 
the far end of the fiber. Figure 2 shows how the reflection 
angle at the core/cladding Interface is related to the angle 
at which a ray enters the face of the fiber. The acceptance 
angle, 0a, is the maximum angle, with respect to the fiber 
axis, at which an entering ray will experience TIR. With 
respect to the index of refraction, no, of the external 
medium, the acceptance angle is related to the indices of 
refraction of the core and cladding. When the external 
medium is air (no* 1), the sine of the acceptance angle is 
called the NUMERICAL APERTURE (N.A.) of the fiber: 

(4) NUMERICAL APERTURE, N.A. = sin0A 

The derivation in Figure 2 applies only to meridional rays, 
i.e., rays passing through the axis of the fiber; skew rays 
(non-meridional) can also be transmitted, and these 
account for the observation that the reception and 


radiation patterns of optical fibers are not perfect step 
functions at the acceptance angle. For this reason, the 
practical definition of N.A. is somewhat arbitrary. 

Modes of Propagation 

Within the limits imposed by the N.A., rays may propagate 
at various angles. Those propagating at small angles with 
respect to the fiber axis are called LOW-ORDER MODES, 
and those propagating at larger angles are called HIGH- 
ORDER MODES. These modes do not exist as a 
continuum. At any given wavelength, there are a number 
of discrete angles where propagation occurs. SINGLE¬ 
MODE fibers result when the core area and the N.A. are so 
small that only one mode can propagate. 

In addition to high- and low-order modes, there are others, 
called LEAKY MODES, which are trapped as skew rays — 
partly in the core, but mostly In the cladding where they 
are called CLADDING MODES. As Implied by the term, 
leaky modes do not propagate as well as the more nearly 
meridional modes; their persistence, depending mainly on 
the structure of the optical fiber, ranges from less than a 
metre to more than fifty metres. The presence of leaky 
modes will, of course, affect the results obtained In 
measurement of N.A. and transmission loss, making them 
both artificially high. For this reason, N.A. is usually 
specified in terms of the EXIT N.A. for a fiber of length 
adequate to assure that leaky modes have effectively 
disappeared. 

Since most leaky mode propagation is in the cladding, It 
can be “stripped.” Such cladding mode stripping is done 
by surrounding the unjacketed fiber with a material having 
a refractive index higher than that of the cladding. EXIT 
N.A. is defined as the sine of the angle at which the 
radiation pattern (relative intensity vs. off-axis angle) has 
a particular value. This value is usually taken at 10% of the 
axial (maximum) value. 
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Transmission Loss 


Regular core (non-leaky) modes also exhibittransmission 
losses. These are due to (1) scattering by foreign matter, 
(2) molecular (material) absorption, (3) irregularities at 
the core/cladding interface, and (4) microbending of the 
optical fiber by the cable structure. The first two loss 
mechanisms depend on the length of path taken by a ray; 
the third depends on the number of reflections of the ray 
before it emerges. It is clear from Figure 2 that the higher 
order modes have longer paths and more reflections with 
consequently higher loss. Larger N.A. fibers permit 
higher-order-mode propagation and, therefore, exhibit 
generally a higher transmission loss. Transmission loss is 
exponential and is, therefore, usually expressed in “dB per 
km.” Coupling loss consideration usually favors larger 
N.A. 

The three main loss mechanisms for coupling between 
fibers or between fibers and the optical ports of other 
devices are: (1) relative N.A.’s, (2) relative area of the 
optical ports, and (3) Fresnel (reflection) loss. In addition 
to these, there may be coupling loss due to misalignment 
and/or separation of optical ports. Relative N.A. loss can 
be ignored (« zero dB) whenever the N.A. of the receiving 
port (fiber or detector) is larger than the N.A. of the source 
port (flux generator or fiber), otherwise: 


(5) N.A. LOSS (dB) = 20 log 


N.A. of Source Port 
N.A. of Receiver Port 


Relative area loss can be ignored whenever the area of the 
receiver port is larger than the area of the source port, 
otherwise: 


( 6 ) 


AREA LOSS (dB) = 20 log 


Diameter of Source 
Diameter of Receiver 


In applying equation (6) to coupling between single fibers, 
the diameter to be used is the CORE DIAMETER. If the 
receiver port is a FIBER OPTIC BUNDLE, the “packing 
fraction” loss must be added to the area loss, even when 
the area of the bundle is larger than the area of the source 
port. 


(7) PACKING FRACTION LOSS(dB)=10 log 

Total Area 


“Active area” is the sum of areas of the cores of Individual 
fibers, and “total” area is that of the bundle. 


Fresnel loss occurs when a ray passes from one medium 
to another having a different index of ref raction. Part of the 
flux is reflected: the fraction transmitted is described by 
the transmittance, r, so the loss is: 


(8) FRESNEL LOSS(dB)=10 log —= 10 log 


Hy nx 

4 


nx = index of refraction of medium x 
ny = index of refraction of medium y 


It is clear from equation (8) that the loss is the same in 
either direction. If two fibers are joined with an air gap 
between their faces, taking nx = 1 for air and ny= 1.49 for 
the cores of the fibers, the fiber-to-air Fresnel loss Is 
0.17dB. The air-to-fiber loss is the same, so the total airgap 
loss is 0.34dB. If several such connections are made, the 
loss could be high enough to make it worthwhile to use a 
coupling medium, such as silicone, to remove the air gap. 
Often, however, connector loss comes mainly from a gap 


deliberately inserted to prevent scratch damage to the 
fiber face and to reduce the variability of misalignment 
loss; i.e., it is sometimes more important to make the 
connector loss be consistent rather than low. 

The use of a coupling medium is more significant when a 
fiber is coupled to an LED or IRED source. These sources 
are usually of gallium arsenide, or related substances, 
with a refractive index of 3.6. With such a high index of 
refraction, the use of an epoxy cement can reduce 
coupling loss by approximately IdB. Figure 3 shows how 
the flux coupling Is derived. If the size of the LED is much 
less than that of the fiber, a more effective technique is the 
use of a tiny lens over the LED. If the size of the fiber is 
smaller, the lens should be on the fiber, rather than the 
LED. 


Rise Time Dispersion 

Bandwidth limitation in fiber optics is the result of a 
phenomenon called DISPERSION, which is a composite 
of MATERIAL dispersion and MODAL dispersion. Both of 
these relate to the velocity of flux transmission in the core. 
Velocity varies inversely as the index of refraction, and if 
the index of refraction varies over the wavelength 
spectrum of the source, the flux having a wavelength at 
which the refractive index is lower will travel faster than 
the flux having a wavelength at which the index is higher. 
Thus, all portions of the spectrum of flux launched 
simultaneously will not arrive simultaneously, but will 
suffer time dispersion due to differences in travel time. 
This is MATERIAL DISPERSION. It is reduced by using 
sources of narrow spectrum (e.g., lasers) or fibers with a 
core index of refraction which is constant over the source 
spectrum. 

In Figure 2, notice that rays moving parallel to the axis 
travel a path length which is shorter than that of rays which 
are not paraxial. Those rays propagating in the 
higher-order modes will, therefore, have a longer travel 
time than those in lower-order modes, and simultaneously 
launched rays will suffer dispersion of their arrival times. 
This is MODAL DISPERSION. It can be reduced only by 
reducing the N.A. (smaller acceptance angle) to allow 



FLUX COUPLED, 0 = TrrLgApSinZOe 


LED-TO-CORE 

TRANSMITTANCE 



WITH AIR, no = TO, r, =0.65 
WITH EPOXY, no = 1.5, ra = 0.83 


10 log I2 = 1.03 dB 


EPOXY DOES NOT AFFECT ACCEPTANCE ANGLE BUT DOES REDUCE 
FRESNEL LOSS 


Figure 3. Acceptance Angie and Fresnei Loss Effects. 
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— 4 ) FIBER OPTIC CABLE —► '^’OUT 


DISPERSION, (ns/km) 




Figure 4. Rise Time Dispersion. 

Whether the dispersion is material or modal (or both), it is 
measured, as shown in Figure 4, by applying positive and 
negative steps of flux and measuring the rise and fall times 
at the input and output of a fiber long enough to exhibit 
significant dispersion. Time dispersion is then defined as 

(9) RISE TIME DISPERSION 

(ns/km) =-^ [(tr + tf)oyT — (tr + tf)|Nl 

where £ is the length (in kilometres) of the fiber and tr, 
tf are the 10% to 90% rise and fall times. 

Flux steps, rather than pulses, are used to avoid incorrect 
results that source or detector rise and fall times might 
introduce. Both polarities of step are recommended in 
order to compensate for non-linearity in either the source 
or the detector used. 

Modulation frequency response of a fiber has a 6dB per 
octave roll-off, so the effect of rise time dispersion can 
also be described in terms of a length-bandwidth product: 

(10) 3dB BANDWIDTH CONSTANT = Af-8= 0.35-Jj- 


Construction of Fiber Optics 

Fibers having a sharp boundary between core and 
cladding, as in Figure 2, are called STEP INDEX fibers. 
The reflection at the boundary is not a “zero-distance” 
phenomenon — the ray, in being reflected, is actually 
entering a minute distance into the cladding and there is 
some loss. This loss can be seen as a faint glow along the 
length of unjacketed lossy fibers carrying visible flux. To 
reduce such reflection loss, it is possible to make the rays 
turn less sharply by reducing the index of refraction 
gradually, rather than sharply, from core to cladding. A 
fiber of such a form is called a GRADED INDEX fiber and 
the rays propagate as shown in Figure 5. Graded index 
fiber has not only a very low transmission loss, but modal 
dispersion is also very low. Higher-order modes do travel 
longer paths, but in the off-axis, lower-index regions they 
travel faster so the travel time differential between 
high-order and low-order modes is not as large as It is In 
step index fibers. 

Graded index fiber has higher coupling loss and may be 
more costly than step index fiber. It is, therefore, used 
mainly in applications requiring transmission over many 
kilometres at modulation bandwidths over 50MHz. For 
shorter distances and/or lower bandwidths, a variety of 
step index fibers are available at a variety of costs. 

Figure 6 shows the construction of a Hewlett-Packard 
fiber optic cable. Over the fused-silica, step-index, glass- 
clad fiber there is a silicone coating to protect the thin 


BLACK 



Figure 6. Step index Fiber Optic Cable Construction. 


LONGER PATHS OF HIGHER ORDER MODES PARTLY 
COMPENSATED BY HIGHER VELOCITY IN OFF-AXIS REGION 



Figure 5. Graded Index Fiber Modes. 


383 








{20iJLm) cladding from scuffing. Over the buffer jacket 
are the tensile strength members, which allow the cable to 
be pulled through long conduits, and an outer jacket to 
protect the cable against crush and impact damage. This 
cable tolerates far more abuse than most wire cable. A 
sample was laid across the main entrance to the Hewlett- 
Packard headquarters and factory at 1501 Page Mill Road, 
Palo Alto. After several weeks of being driven over, night 
and day, there was no impairment of performance. 

Other materials used in step index fibers are glass-clad 
glass, plastic-clad glass or fused silica, and plastic-clad 
plastic. These have N.A.’s ranging from less than 0.2 to 
more than 0.5, and transmission losses from less than 
lOdB/km to more than lOOOdB/km. Some manufacturers 
offer bundled fibers In which the individual glass fibers are 
small enough to allow the cable to be very flexible. In 
earlier days of fiber optic development, bundled fibers 
were considered necessary for reliability because 
breakage of one or more fibers could be tolerated without 
total loss of signal transmission. Also, the large diameter 
of the fiber bundle allowed more tolerance in connector 
alignment. The popularity of fiber bundles has dwindled 
because the single-fiber cable durability Is better than had 
been anticipated, and connectors are now available which 
are capable of providing the precise alignment required 
for low coupling loss with small-diameter single fibers. 

Flux Budgeting 

Flux requirements for fiber optic systems are established 
by the characteristics of the receiver noise and bandwidth, 
coupling losses at connectors, and transmission loss in 
the cable. 

The flux level at the receiver must be high enough that the 
signal-to-noise ratio (SNR) allows an adequately low 
probability of error, Pe. In the Hewlett-Packard fiberoptic 
system, the receiver bandwidth and noise properties allow 
a Pe< 10“^ with a receiver input flux of 0 . 8 /xW under worst- 
case conditions. At higher flux levels, the Pe is reduced. 

From the receiver flux requirement (for given Pe), the flux 
which the transmitter must produce is determined from 
the expression for a point-to-point system: 

( 11 ) 10 log ( ^ ) = otQ2+ oijc + otcR + ^otcc “m 

where is the flux (in /uW) available from the transmitter 
0 R is the flux (in /uW) required by the Receiver at Pe 
ttQ is the fiber attenuation constant (dB/km) 

C is the fiber length (km) 

ajQ is the Transmitter-to-Fiber coupling loss (dB) 
acc is Fiber-to-Fiber loss (dB) for in-line 
connectors 

n is the number of in-line connectors: n does not 
include connectors at the transmitter and 
receiver optical ports 

a 0 R is the Fiber-to-Receiver coupling loss (dB) 
is the Margin (dB), chosen by the designer, by 
which the Transmitter flux exceeds the system 
requirement 

Equation (11) is called the FLUX BUDGET and it is 
represented graphically in Figure 7. The same basic units 
(watts) are used for flux and for power, so It is correct and 
convenient to express flux in “dBm”. 
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Figure 7. Flux Budget — Graphical Representation. 


(12) .,(dBm) = 10log (^)=ioiog 

Here is an example of how the flux budget works: 

1. Transmitter = 44 mW X io log 14.39dB 

2. Receiver </>r = 1.6mW ^ ^\^rJ 

Transmitter optical port: diameter = 200jum, N.A. = 0.5 

Optical fiber (in connector): core diam. = 100/um, N.A. = 
0.3 

3. = “A + «NA = 20 log + 20 log 

= 6.02dB + 4.44dB = 10.46dB 
Receiver optical port: diameter = 200fxrr\, N.A. = 0.5 

4. Because the diameter and N.A. of the receiver are both 
larger than those of the fiber, there is only a small 
amount of Fresnel loss, making acR * 0.34dB 

5. Apply equation (11) to see what the flux budget allows: 

14.39dB = Q!o5i+ 10.46dB + naQQ + 0.34dB + Q!|y^ 

nacc + «M = (14.39 - 10.46 - 0.34)dB = 3.59dB 

6. Assume a transmission distance of 35 metres at 
20dB/km 
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If cable length selections are 10-, 25-, and 50-metre 
lengths and connector loss is acc = 2dB, then either of two 
options may be chosen: 

7. a) Use a 10m and 25m length with one connector: 

«CC = (35m X 0.02dB/m) + 2dB = 2.7dB 
This leaves = (3.59 - 2.7)dB = 0.89dB 

7. b) Use a 50m length and no connector: 

(50m x0.02dB/m) = 1.OdB leaving a^;i = 2.59dB 

Unless there is some good reason (cost, convenience, 
etc.) for choosing the 10m/25m option, it would be better 
to select the 50-metre option because it allows a larger aM. 
In flux budgeting, should always be large enough to 
allow for degradation of the efficiency of the flux 
generator in the transmitter (LED, IRED, laser, etc.). On 
the other hand. In dealing with more powerful trans¬ 
mitters, must not be so large that It exceeds the 
dynamic range of the receiver. 

Dynamic Range 

The dynamic range of the receiver must be large enough 
to accommodate all the variables a system may present. 
For example. If the system flexibility requirement is for 
transmission distances ranging from 10 metres to 1000 
metres with 12.5dB/km cable, and up to two in-line 
connectors, the dynamic range requirement is: 

otQ^= 1km X 12.5dB/km = 12.5dB 
n^cQ = 2 X 2dB = 4.0dB 
= 3.0dB 

thermal variations = 1.0dB (estimated) 
20.5dB 

Accommodating a 20dB optical power dynamic range 
plus high sensitivity requires the receiver to have two 
important features: automatic level control, and a-c 
coupling or its equivalent. The a-c coupling keeps the 
output of the amplifier at a fixed quiescent level, relative to 
the logic thresholds, so that signal excursions as small as 
the specified minimum can cause the amplifier output to 
exceed the logic threshold. This function can also be 
called d-c restoration. 

ALC (automatic level control) adjusts the gain of the 
amplifier. Low-amplitude excursions are amplified at full 
gain; high-amplitude excursions are amplified at a gain 
which is automatically reduced enough to prevent 
saturation of the output amplifier. Saturation affects 
propagation delay adversely so ALC is needed to allow 
high speed performance at high, as well as low, signal 
levels. 

HEWLETT-PACKARD’S FIBER OPTIC SYSTEM 

A number of objectives were established as targets for this 
development. Convenience and simplicity of installation 
and operation were the primary objectives, along with a 
probability of error Pe < 10’® at lOMb/s NRZ, over 
moderate distances. In addition, there were the traditional 
Hewlett-Packard objectives of rugged construction and 
reliable performance. Manufacturing costs had to be low 
enough to make the system attractively priced relative to 
its performance. 

Electrical convenience Is provided by several system 
features. The Receiver and the Transmitter require only a 


single +5-volt supply. All Inputs and outputs function at 
TTL logic levels. No receiver adjustments are ever 
necessary because the dynamic range of the Receiver is 
21 dB or more, accommodating fiber length variations as 
well as age and thermal affects. When the system is 
operated in its internally coded mode, it has NRZ 
(arbitrarily timed data) capability and is no more 
complicated to operate than a non-inverting logic 
element. Built-in performance indicators are available in 
the Receiver: the Link Monitor Indicates satisfactory 
signal conditions and the Test Point allows simple 
periodic maintenance checks on thesystem’sflux margin. 

There are also several optical and mechanical conven¬ 
ience features. The optical ports of the Transmitter and 
Receiver are well defined by optical fiber stubs built into 
receptacles that mate with self-aligning connectors. 
Low-profile packaging and low power dissipation permit 
the modules to be mounted without heat-sink provision on 
P.C. boards spaced as close as 12.5mm (0.5 in.). 

The internally-coded mode of operation is the simplest 
way to use the Hewlett-Packard system. This mode places 
no restriction on the data format as long as either positive 
or negative pulse duration Is not less than the minimum 
specified. The simplicity is achieved by use of a 3-level 
coding scheme called a PULSE BI-POLAR (PBP) code. 
This mode is selected simply by applying a logic low (or 
grounding) to the Mode Select terminal on the Transmitter 
— no conditioning signal or adjustment is necessary In the 
Hewlett-Packard Receiver because it automatically 
responds to the PBP code. 

Transmitter Description 

Figure 8 shows symbolically the logical arrangement of 
the Transmitter, waveforms for the signal currents Ia and 
Ib, and the resulting waveforms for the output flux. The 
arrangement shown is logically correct but circuit details 
are not actually realized as shown. For example, the 
current sources actually have partial compensation for the 
negative temperature coefficient of the LED (or IRED). In 
Figure 8, there are five important things to notice. 

First, notice that the bias current, Ic. is never turned off — 
not even when the Transmitter is operated In the 
externally coded mode (Mode Select “high”). This is done 
to enhance the switching speed of the LED (or IRED) In 
either internally- or externally-coded mode. The bias 
current also stabilizes the flux excursion ratio (k in 
Equation 14) symmetry in the internally-coded mode. 

Second, notice that 

(f>i, the low-level flux, is produced by Ic 

<^i^, the mid-level flux, requires Ib + Ic 
fhe high-level flux, requires Ia + Ib + Ic 

As far as the Receiver is concerned, the excursion flux, A</), 
produced by switching Ia and Ib, is the Important 
parameter of the Transmitter. Average flux is, of course, 
related to excursion flux but is not as Important in 
establishing the SNR of the system. 

Third, notice that with Mode Select “low” and a 500kHz 
signal at Data Input, there will be only one refresh pulse 
generated in each logic state. The excursions (</>h-<^>m) 

nearly balanced so an average-reading flux 
meter will Indicate the mid-level flux, 4)^^, within +0.6% or 
-0.6% depending on whether the flux excursion ratio, k. Is 
at its maximum or at its minimum limit. 
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Figure 8. Transmitter Biock Diagram and Waveforms. 

Fourth, notice that, with Mode Select “low”, any Data 
Input transition (either H-L or L-H) retriggers the Refresh 
Multivibrator to start a new train of pulses. All refresh 
pulses for either logic state have the same duration. This 
keeps the average flux very near the mid-level even when 
the duration In either logic state of arbitrarily timed input 
data is very short. Notice also that any refresh pulse is 
overridden (abbreviated) by the occurrence of a Data 
Input transition so there Is no additional jitter when the 
duration of the Data Input in either state is at or near the 
same length of time as the refresh interval. The refresh 
interval Is very long, relative to the refresh pulse duration, 
making a duty factor of approximately 2%; this also is done 
to keep the average flux near mid-level regardless of how 
long Data Input remains in either logic state. The only 
condition under which the average flux can deviate 
significantly from the mid-level occurs when Data Input 
remains In one state for a period of time LESS than the 
duration of the refresh pulse. If this is likely to occur, the 
format should be configured so the numbers of 1 's and O’s 
are balanced as they would be in Manchester code. 
Observing this data format allows the use of the internally- 
coded mode of the Hewlett-Packard system at data rates 
ranging from arbitrarily low to higherthan 10M Baud, with 
the absolute limit being that at which the signal intervals 
become as short as tPHL and/or tPLH- 


Fifth, notice that with Mode Select “high_/’ the Q output of 
the Refresh Multivibrator is “high” (and Q is “low”). Under 
this condition, Ia and Ib are both ON when Data Input is 
“high” and both OFF when it Is “low”. This makes the 
output flux excursion a logical replica of the Data Input. 

Flux Measurement 

A high-speed photodetector and oscilloscope could be 
used for measuring the excursion flux, but an average¬ 
reading flux meter can be used to measure A0 as follows: 

With Mode Select “high”: 

1. Apply steady-state “low” to Data Input and observe 0 l 
with flux meter. 

2. Apply a 500kHz square wave (50% duty factor) to Data 

Input and observe {A4> + 0l) with the flux meter and 
subtract 0|_ (Step 1) to obtain A0. > 

This procedure also yields the proper value of the high- 
level flux, (^H, to be used in computing the flux excursion 
ratio, k. Since <t>^^ = (0l + 2A0), the value of (f)^ is: 

(13) HIGH-LEVEL FLUX, <^h = 2(A0 + <t>i) — {<t> ) 

Step 2 Step 1 

It appears, from the waveforms In Figure 8, that the 500kHz 
signal prescribed in Step 2 is not necessary; that is, with 
Data Input at a steady-state high, the flux meter would 
read </>n directly, from which A0 could be calculated by 
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subtracting (f>i (observed in Step 1) and dividing by two. 
However, this method would cause slightly more heating 
of the LED and lead to a slightly different (and incorrect) 
measurement of <^h and A<^. With the values of and <i>i 
from Step 1 and 2, the flux excursion ratio can now be 
computed: 

“ (14) FLUX EXCURSION RATIO, k = -— 

0M “ (PL 


In a 2-Level Code, there is, of course, no mid-level; 
however, the definition of flux excursion ratio is the same 
as for Pulse Bi-Polar code, I.e., Equation (14). It is only 
necessary to substitute average flux for mid-level flux, <^m, 
in Equation (14). For 2-Level Code, the average flux is: 

(15) AVERAGE FLUX = 

(2-Level Code) 


where stH is the total time the flux is at level <^h 
stL is the total time the flux is at level </>|_ 

Substitution of this expression for in Equation (14) 
leads to: 

(16) FLUX EXCURSION RATIO = k = 


Equation (16) shows why It Is that when a 2-Level Code is 
used (e.g., with Mode-Select “high” In the Hewlett- 
Packard Transmitter) the data input signal must, on 
average, have a 50% duty factor to make k = 1. That is. In 
the averaging interval, the total number of “mark” intervals 
should be equal to the total number of “space” intervals, 
such as in Manchester code. 


Use of 2-Level Code also requires that the input flux 
remain for less than 5/us at either high or low level. This is 


necessary to avoid “pulling” the receiver dc restorer 
voltage too far away from the value corresponding to the 
average flux, and possibly losing occasional bits. 

Receiver Description 

The Hewlett-Packard Receiver block diagram is shown In 
Figure 9. There are four functional blocks: 

1. The amplifier. Including a gain-control stage and split- 
phase outputs with a voltage divider for each. 

2. The dc-restorer with a long time constant. 

3. Logic comparators with an R-S latch. 

4. Positive and negative peak comparator with single- 
ended output for the ALC and link monitor circuits. 

Optical flux at the Input is converted by the PIN 
photodiode to a photocurrent. Ip, which is converted to a 
voltage by the PREAMPLIFIER. This voltage is amplified 
to a positive-going output, Vpi, and a negative-going 
output, Vni. a rising input flux will cause Vpi to rise and 
Vni to fall. These voltages are applied to the differential 
Inputs of the DC RESTORER AMPLIFIER whose output, 
Vt, falls until it is low enough to draw the average 
photocurrent away from the preamplifier via the 25k 
resistor. This makes Vpi « Vni when the input flux is at the 
average level. The output impedance of the dc restorer 
amplifier is very high, making a long time constant with the 
filter capacitor, Ct. The long time constant Is required for 
loop stability when input flux levels are so low that there is 
little or no ALC gain reduction, with consequently high 
loop gain. With no Input flux, Vt = Vtmax; as input flux 
rises, Vt falls proportionately, so the voltage at the TEST 
POINT can be used as an indicator of the average input 
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Figure 9. Receiver Block Diagram. 
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flux. With respect to the Receiver optical port, the 
responsivity of the PIN photodiode is approximately 
0.4A/W, leading to the expression: 

[Vtmax-Vt] (mV) 

(17)AVERAGE INPUT FLUX, 0 av(mW)» -- 

where Vtmax = Test Point Voltage with no optical input 
signal. 

The instrument for observing Vt must not load the Test 
Point significantly, so an input resistance of lOMH Is 
recommended. 

As described above, when the input flux is at the average 
level, the positive-going and negative-going output 
voltages Vpi and Vni are approximately equal. Notice that 
this makes the outputs of both logic comparators low. A 
positive flux excursion, rising faster than the dc restorer 
(with its long time constant) can follow, will cause Vpi to 
rise and Vni to fall. If the positive flux excursion Is high 
enough, the LOGIC^HIGH COMPARATOR input voltage 
( Vp 2 - Vni ) becomes positive, and a SET pulse is produced 
for the R-S flip-flop. [Similarly, a negative flux excursion 
of such amplitude would make (Vn2 - Vpi) become 
positive and a RESET pulse would be produced.] A larger 
amplitude of positive flux excursion would make the 
POSITIVE PEAK DETECTOR input voltage (Vp3 - Vni) 
change from negative to positive and cause current to flow 
into the ALC FILTER capacitor. When the voltage Va 
starts to rise above Vref, the ALC AMPLIFIER output will 
operate on the GAIN CONTROL AMPLIFIER to limit the 
Receiver’s forward gain. Notice that the ALC action is the 
same for a negative flux excursion, so that the Receiver’s 
gain limitation is determined EITHER by positive flux 
excursion OR by negative flux excursion — whichever is 
the larger. For this reason, the positive and negative 
excursions must be nearly balanced with respect to the 
average flux. The allowable imbalance is determined by 
the values of the resistors in the negative and positive 
voltage dividers. The ALC action limits the maximum 
excursion to a voltage lo (Ri + R 2 ), whereas the logic 
threshold is only lo Ri • Actual limits are established by the 
tolerances on the resistors and current sources. Notice 
that the ALC voltage, Va, activates both the ALC 
COMPARATOR and the LINK MONITOR COMPARA¬ 
TOR. Therefore, a “high” LINK MONITOR signifies two 
conditions: 

1 . The input flux excursions are high enough to cause 

ALC action (gain limitation). 

2 . The excursions are more than adequate for operation 

of the logic comparator. 

Notice that the LINK MONITOR could be “high,” but k 
could be outside the specified limits such that Pe exceeds 
10'®. Conversely, because of safety margin in the Receiver 
design, it is also possible to have Pe < 10 '® when the flux 
excursions are too small to make the LINK MONITOR 
“high”. 

OPERATION OF THE HEWLETT-PACKARD 
SYSTEM 

With Hewlett-Packard Components Exclusively 

The main concern in a fiber optic link Is the flux budget. 
Other areas of concern are: data rate, data format, and the 
interface with other elements of a data transmission 
system. 


Flux budgeting, using the Hewlett-Packard Transmitter, 
Receiver, Connector, and Cable components is very 
straightforward for most applications. It is necessary only 
to use the data sheet information correctly in making the 
coupling loss and transmission loss allowances. 

When used with other Hewlett-Packard components, the 
characteristics of the Receivers are not critical. Their 
optical ports have a diameter and N.A. which are both 
greater than the size and N.A. of the Hewlett-Packard 
Cable. The Receivers also have a high responsivity and the 
spectral response is nearly constant over the spectrums 
radiated by Hewlett-Packard Transmitters. 


With Components From Other Manufacturers 


When using the Hewlett-Packard Receivers with other 
cables, it may be necessary to account for N.A. loss and/or 
area mismatch loss. When other sources are used, it may 
be necessary to compute an effective flux ratio: 


(18) EFFECTIVE FLUX RATIO, EFRs = 
(Source Spectrum) 


/<^Xdx 


where RrX is the relative response of the Receiver (from 
data sheet) 

<I>X is the spectral flux function of the source 


If the transmission loss of the cable varies sharply over the 
wavelength range of the source spectrum, then the 
spectral transmittance of the cable should be included in 
the computation of EFR. The spectral transmittance varies 
with cable length, so the integration must be performed 
using the cable length required in a particular installation: 

(19) EFFECTIVE FLUX RATIO, EFRcs =-7 -- 

(Cable and Source) J^A</>AClx 


where is the spectral transmittance of a particular 
length of fiber optic cable, computed as: 

(20) rx =10 ' lO ' 


where 's the spectral function in (dB/km) of the fiber 
optic cable and £ is the particular cable length (km) 


Notice that as the length is reduced, becomes more 
nearly a constant and may be factored out of both 
numerator and denominator of Equation (19). When EFR 
Is significantly less than unity, it enters the flux budget 
expression. Equation (11). 

( 21)10 log ) = ajc + "CR + nacc + "m 
- 10 log (EFR) 


See Equations 11, 18, and 19 for definition of terms. 


The optical ports of Hewlett-Packard Transmitters are 
designed for mating with Hewlett-Packard Cable/ 
Connector assemblies, but their characteristics require a 
little more attention than do the Receiver optical ports. 
The Transmitter and Cable/Connector data sheets should 
be consulted for the correct values of size and N.A., or for 
the directly-given value of transmitter-to-fiber coupling 
loss, ajc, to use in flux budgeting. In applications having 
very short transmission distances, but requiring a number 
of in-line (cable-to-cable) connections, it Is likely to be 
advantageous to use fiber optics of larger core diameter 
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and N.A., such as some of the plastic types. The larger 
core diameter reduces the likelihood of losses in 
connectors due to misalignment. Depending on the size 
and N.A. of the Transmitter optical port, a larger core 
diameter and N.A. In the fiber optic cable may also reduce 
otjc> but if the cable core diameter is too large, the cable- 
“to-receiver loss, acR> be excessive. 

Data Rate and Format 

The other areas of concern (data rate, data format, and 
Interface) are interactive, depending on system require¬ 
ments. In any single transmitter-to-receiver link, the flux 
budget along with probability of error Pe, establish the 
signaling rate, in baud units, while the data rate, in bits per 
second, depends also on the data format, or transmission 
code. NRZ (Non-Return-to-Zero) is the term for a 
transmission code In which the signal does not 
periodically return to zero. If a stream of NRZ data 
contains a series of consecutive “1’s”, the signal remains 


at the “1 ” level; similarly, the signal remains at the “0” level 
for consecutive “O’s”. With RZ (Return-to-Zero) codes, the 
level periodically changes from high level to low level or 
back, never remaining at either level for a period of time 
longer than one bit Interval. Some examples of codes are 
given in Figure 10. Notice that NRZ code uses the channel 
capacity most efficiently since it requires only one code 
interval per bit interval. The RZ codes illustrated use two 
code Intervals per bit interval while other codes may 
require an even higher channel capacity for a given data 
rate. NRZ code requires a clock signal at the receiving end 
to define, for each interval, the point In time at which the 
data is valid. The time at which the data Is clocked must be 
sufficiently clear of the interval edges to avoid phase-shift 
errors due to jitter, rise time, or propagation delay. Since 
the clock signal is separately transmitted, phase shift in 
the clock channel can contribute to the phase-shift error 
unless it is equal, in direction and magnitude, to the 
phase shift In the data channel. For this reason, fiber optic 
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CODE 

DESCRIPTION 

CHANNEL 

REQUIRED 

REQUIRES 

DC? 

REQUIRES 

CLOCK? 

A 

NON RETURN TO 

ZERO (NRZ) 

High during entire "mark", low 
during entire "space" interval 

1 Mbaud per Mb/s 

YES 

YES 

B 

RETURN TO ZERO 
(RZ) 

Low during entire "space", 
momentarily high during "mark" 
interval 

2 Mbaud per Mb/s 

NO 

YES 

C 

MANCHESTER 
(SELF-CLOCKING RZ) 

Positive transition for "space", 
negative transition for "mark" 

2 Mbaud per Mb/s 

NO 

NO 

D 

BIPHASE MARK 
(MANCHESTER II) 

Each bit period begins with a 
transition. "Space" has NO 
transition during bit period — 

"mark" has one transition during 
bit period 

2 Mbaud per Mb/s 

NO 

NO 

E 

BIPHASE SPACE 

Same as Biphase Mark except 
"mark" and "space" revers^ 

2 Mbaud per Mb/s 

NO 

NO 


NOTE THAT C, D, E HAVE 50% DUTY FACTOR (k = 1.00) 


Figure 10. Examples of NRZ and RZ Code Patterns. 
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channels carrying clock signals should use the same type 
of cable and the same length, unless the transmission 
distance is very short. Note that the transmission time 
delay In an optical fiber depends on the core index of 
refraction: 

(22) TRANSMISSION DELAY, tg = j Sn 

where c isthevelocity of light In a vacuum, c = 3x108m/s 
9. Is the fiber optic cable length (m) 
n is the core Index of refraction 

and differential delay between a data channel and a clock 
channel is: 

(23) DIFFERENTIAL DELAY, * = [8202 - 8 ini) 

Some RZ codes are self-clocking — i.e., a separate 
channel to transmit the clock signal is not required, so 
there is no problem with differential delay. For this reason, 
RZ codes may be preferred even though the data rate is 
less than that of NRZ. Note that in its internally coded 
mode, the Hewlett-Packard fiber optic system transmits 
either NRZ or RZ codes of arbitrary format and duty factor. 
In the externally coded mode, the system requires the 
code to be RZ; moreover, the duty factor of the code must 
be 50% and the signal must remain LESS than 5)us In either 
high state or low state. 

The Hewlett-Packard system is capable of a 10 Mbaud 
signaling rate. If a higher data rate is required, the data 
stream can be divided among additional channels. If each 
channel Is RZ coded, such as with Manchester code, the 
capacity of each channel is 5Mb/s and if the total data rate 
requirement is 20Mb/s, four channels are required. Using 
NRZ, the 20Mb/s data can be transmitted on two channels, 
with a third channel for the clock signal. Thus, if the data 
rate requirement exceeds 15Mb/s, the NRZ format 
requires fewer fiber optic channels. 


System Configuration 

The simplex arrangement in Figure 11 allows data in one 
direction only, and the format should, therefore, include 
error checks, such as parity bits. The full duplex 
arrangement requires two Transmitter/Receiver (T/R) 
pairs and two cables but allows data to go in both 
directions simultaneously. If, at a given time. Station 1 is 
transmitting, the return transmission from Station 2 can be 
unrelated to the information from Station 1, but could also 
be a relay or re-transmission of the data received by 
Station 2, so a logic delay and comparator circuit In 
Station 1 can check for errors and allow corrections. The 
same is true for the full triplex arrangement. Extension to 
larger numbers of stations is possible and the benefits are 
the same, but the number of T/R pairs increase rapidly, as 
shown by the series in Figure 11, requiring n (n-1) T/R 
pairs for n stations. 

Half-duplex (not illustrated) is a means for allowing two 
stations to alternately use the same transmission medium. 
With a wire cable, half-duplex operation is commonly and 
easily done; it can also be done with fiber optic cable but 
the fiber-furcating couplers for accomplishing it are very 
lossy, are not commonly available, and will not be 
discussed. 

Data interchange among a large number of stations can be 
accomplished with fewer T/R pairs by using the Master 
Station Multiplex (MSM) arrangement in Figure 12. The 
MSM arrangement requires only 2(n-1) T/R pairs for n 
stations (master + (n-1) slaves). Its operation differs from 
the full n-plex arrangement of Figure 11 in that only the 
master station transmits directly to all other stations. Data 
from any slave station is transmitted to master and re¬ 
transmitted to all slave stations according to the “re¬ 
transmit enable” (Ei...Ex) selection made in the master 
station. Thus, a complete error check is possible. 
Regardless of how many slave stations are added, the 
transmission delay from any slave to any other slave is just 
the delay of two fiber optic links plus the propagation 



Figure 11. Simplex, Fuil-Duplex, Full Triplex, Fuil-n-piex Fiber Optic Links. 
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Figure 12. Master Station Muitipiex Arrangement for Fiber Optic Links. 


delay in the master station’s relay circuit. The time delay 
between re-transmission from the master and the 
error-check return transmissions from the slaves is the 
same if each link length is the same, i.e., two links plus 
relay time. Notice that a complete error check requires 
an error check in the master, plus an error check in the 
station where the data originated. Another feature of the 
MSM system is that any slave station can be disconnected 
or turned off without affecting the other stations. With 
slightly more complicated relay control logic in the master 
stations, the MSM system can provide even more 
flexibility in the control of data movement — the 
schematic in Figure 12 is intended only to Illustrate the 
potential flexibility of MSM. 

At the expense of less flexibility and longer transmission 
delay, multiplex operation can be done with an even 
smaller number of T/R pairs by means of Looped-Station 
Multiplexing (LSM)asin Figure 13. In addition to requiring 
only n T/R pairs for n stations, LSM offers the advantage 


that an error check is required only at the station from 
which the data originates. There are some disadvantages. 
A relatively minor disadvantage is the data delay around 
the loop to where the data originated. A less minor 
disadvantage is the fact that, even if one of the stations in 
the loop is designated for loop control, it does not have 
control as absolute as that of the master station in MSM. A 
major disadvantage is that removal of one or more stations 
from the loop may require a re-run of the fiber optic cable 
unless the flux budget allows insertion of a connector to 
replace the statlon(s) removed. There is some error 
accumulation around the loop, but this Is not a 
disadvantage If error correction is applied. 

Error Accumulation 

Where error correction is inconvenient or impossible, the 
accumulation of error through data relay units may be 
significant. With Hewlett-Packard components operated 
within the limits prescribed by the data sheet parameters 
and the flux budget, any point-to-point link has a 


DATA IN/OUT 

TRANSMIT. 

ENABLE 

DATA OUT 



DATA OUT 

TRANSMIT 

ENABLE 

DATA IN 


FOfl n STATIONS, NO. OF T/R PAIRS = n 


Figure 13. Looped-Stations Multiplex Arrangement for Fiber Optic Links. 
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probability of error Pe < 10'®. This means that Pe< 10 "®as 
long as the loss margin, a|^(dB) is above zero. With a 
number, n, of repeater links, the worst case estimate of 
cumulative probability of error Is the RMS value: 

(24)CUMULATIVE PROBABILITY 

OF ERROR, n n 

Pe,n = 1 -TTd - Pe,l) - E Pe.i 
i=1 i=1 

where Pe.i is the probability of error in link “i” 


If each link has the same probability of error, Pe, then the 
cumulative value of Pe is estimated at; 

(25) CUMULATIVE PROBABILITY OF 

ERROR FOR EQUAL Pe’s Pe,n - nPe 


However, as in any chain, the probability of error is usually 
just that of the “weakest link,” that is, the link having the 
highest probability of error. 


Measuring the probability of error can be very time- 
consuming if Pe has a very low value. For instance, if Pe = 
10-9 at 10 Mbaud (BER = 10'®), this suggests that if the 
system is operated for 100 seconds at 10 Mbaud 
(accumulate 109 bits) with one error, the Pe = 10"® is 
verified. This is not necessarily true. The significance of Pe 
= 10'^ is that over several such periods the average error is 
one per 100 seconds. A less time-consuming procedure is 
to lower the signal (flux) level until the error rate, Pe.N Is 
measurably high In a comfortable period of time, and note 
this flux level as 0^, the Noise measurement flux level. The 
operating flux level Is designated 0o> ^f^cl is found from the 
ratio: 


26. ^ ^ and Xo = Xn 

Xfg 0N 0N 

and from the complementary error function; 


Pe = erfc (Xo) = 1 - erf(Xo) calculated for 0o 
Pe,N = erfc(XN) = 1 - erf(XN) measured at 0 n 

erfc(X) = for Pe < IQ-^ 


This measurement and relationship can be useful In 
evaluating the relative merits in the tradeoff between 
running a single link over a long distance versus operating 
with one or more repeaters. The use of repeaters usually 
yields the lower Pe, but may be “overkill” in some cases. 


INSTALLATION, MEASUREMENT, AND 
MAINTENANCE 

The shielded metal packages of Hewlett-Packard Fiber 
Optic Modules are very sturdy and can be mounted In any 
position. Both Transmitter and Receiver dissipate very low 
power, so heat sinking is not required. A cool location is 
preferred, especially for the Transmitter. The main 
concern in selecting the locations of both modules is 
accessibility of the optical ports. 

Mounting 

The preferred mounting is with two #2-56 screws on a 
printed circuit board. Clearance must be provided for the 
Lock Nut, which protrudes 0.5mm to 1.0mm (depending 
on angular position) beyond the plane of the module’s 
bottom surface. The usual way to deal with this is to allow 
the Lock Nut to overhang the edge of the P.C. board as in 


Figure 14. Lock Nut clearance could also be provided by 
an opening in the board, or by using washers of 1mm 
thickness on the #2-56 mounting screws to space the 
Module bottom 1 mm from the board. Screws entering the 
#2-56 tapped holes MUST NOT TOUCH BOTTOM AS 
THIS MAY DAMAGE THE MODULE. The #2-56 tapped 
hole is 5.6mm (0.22 in.) deep, which provides an ample 
purchase on the thread. 


P.C. Board Recommended 

Thickness Screw Length — mm (in.) 


mm 

in. 

W/0 Spacer 

W/1-mm Spacer 

0.79 

1/32 

4.78 (.188) 

6.35 

(.250) 

1.59 

1/16 

6.35 (.250) 

6.35 

(.250) 

2.38 

3/32 

6.35 (.250) 

6.35 

(.250) 


The #2-56 holes near the front of the package are the only 
screw holes that may be used for mounting the module. 
UNDER NO CIRCUMSTANCES MAY THE SCREWS 
ALREADY INSTALLED OR THE SET SCREW BE 
DISTURBED. Disturbing these may cause Interior 
damage. 

For additional support, the electrical leads may be bent 
down and soldered into the P.C. board. In bending the 
leads, care must be taken to avoid strain at the point where 
the leads enter the glass seal. This can be done by 
applying mechanical support between the module and the 
bending point which should be at least 1.0mm (0.04 in.) 
from the end of the module. A needle-nose pliers can also 
be used to bend the leads Individually, providing no 
bending moment Is transferred to the seal. See Figure 14 
for details fo these techniques. 

Panel mounting can also be used. This is an especially 
attractive mounting when R.F. shield integrity must be 
maintained. As seen in Figure 15, the panel thickness must 
be less than 4mm (5/32 in.) and have a counter-bore to 
receive the Lock Nut. This will make the mounting secure 
and leave enough of the Barrel outside the panel to permit 
installation of an external mounting nut as well as the 
Cable Connector. 

Fiber Optic Cable Connections 

The data sheet cautions against disturbing the Lock Nut 
and Barrel. This is to prevent damage by someone who 
has not read the following material: 

As seen in Figure 16, there Is a clearance between the 
Interior end of the Barrel and a shoulder on the Fiber 
Alignment Sleeve. If this clearance Is not maintained, 
there is a risk that a force applied to the Barrel may be 
transmitted by the Fiber Alignment Sleeve to the optical 
fiber stub, forcing the stub against the face of the source 
or detector. The source (or detector) is an extremely 
fragile semiconductor device and even a very small force 
can cause severe damage. Should it be necessary to 
remove the Lock Nut and Barrel, they should be 
reinstalled with this procedure: 

1. Lightly and carefully thread the Barrel into the Module 
body until it comes against the shoulder of the Fiber 
Alignment Sleeve. 

2. Back the Barrel OUT ONE FULL TURN, then HOLD 
THE BARREL FROM TURNING while seating the Lock 
Nut securely against the body. During final tightening 
of the Lock Nut, the Barrel may be allowed to enter no 
more than HALF A TURN. 
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Figure 14. Lead Bending and P.C. Board Mounting. 


LOCK NUT 
CLEARANCE - 



When Hewlett-Packard Cable Connectors are joined, 
either to each other or to the optical port of a Transmitter 
or Receiver, there is a cylindrical spring Sleeve that aligns 
the Ferrules. This is shown in Figures 16 and 17. It may be 
difficult to see, but the Sleeve does have a slightly 
flattened “leaf” on either side of a notch. The notch makes 
the leaves spring separately, allowing the Ferrules at 


opposite ends of the sleeve to have slightly different 
diameters and yet be firmly aligned by the curved interior 
wall. A chamfer on the edge of the Ferrule aids insertion. In 
making temporary Cable-to-Cable connection, it is 
permissible, and often convenient, to omit the Barrel, 
since It does not perform an alignment function. When the 
Barrel is used for a more sturdy joint, the connection 
procedure is: 

1. Install the Sleeve and Barrel on one Connector, using 
only FINGER TIGHTNESS of the Coupling on the 
Barrel. 

2. Start the Ferrule of the second Connector into the 
Sleeve. 

3. Engage the Coupling on the Barrel threads and tighten 
FINGER TIGHT. 

Alignment of the Ferrules (and hence the fiber optics) is 
performed by the Sleeve: the Barrel and Couplings are 
intended only for tensile support, but If they are OVER 
tightened, they may cause misalignment. Loss of coupling 
due to misalignment can be observed at the Vt (Test 
Point) on the Receiver when the System Is active: 

AVt/A<^ * lOmV/iuW. 



Figure 16. Opto-Mechanical Structure of T/R Modules. 
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BARREL 


SLEEVE 



Figure 17. In-Line Connector Arrangement. 

The procedure above applies also to making Cable 
connection at the Receiver and Transmitter, except that 
the Sleeve and Barrel are already Installed. In manu¬ 
facture, the Sleeve In the Module is pre-stressed for a 
tighter fit on the Ferrule in the Module than on the Ferrule 
in the Connector. The Sleeve Is not likely to be pulled out 
when the Module Is disconnected, but if that does happen, 
it can be reinstalled without removing the Barrel by using 
the Connector Ferrule to guide and support it. 

In connecting fiber optics other than those from Hewlett- 
Packard to a Hewlett-Packard module, it is necessary to 
center the fiber In a cylinder with the same outside 
diameter as the Hewlett-Packard Ferrule over a length (to 
first shoulder) equal to half the length of the Sleeve, i.e., 
3.5mm. This is adequate for a temporary connection. For a 
more permanent connection, add a coupling to fit the 
#10-32 thread on the Barrel. 

Power Supply Requirements 

Power supply lines for the Transmitter and the Receiver 
should each have a pi filter of two 60 mF shunt capacitors 
and a 2.2/xH (<in) inductor. The Transmitter needs this 
filter to prevent transients from reaching other equipment 
when the LED (or IRED) currents are switched. The 
Receiver needs the filter to keep line transients from 
interfering with Its extremely sensitive amplifier. In 
addition, the Receiver may need its own regulator, as 
shown in the data sheet, to prevent low-frequency 
transients or ripple from interfering with the data stream. If 
a regulator is used, the pi filter should be between the 
regulator output and the Receiver supply terminal. The 
Transmitter needs no regulator if the supply voltage is in 
the specified range. 

System Performance Evaluation 

System performance checks may be done by using error- 
detection equipment, such as the Hewlett-Packard Mod. 
3760A Word Generator and 3761 Error Detector as 
Indicated in Figure 18. The Mod. 3780A Pattern 
Generator/Error Detector which contains both word 
generator and error detector is also usable, although it has 
less flexibility in word generation and a lower data rate 
capability. These instruments have low-impedance (50n 


and 750) Inputs and outputs. The outputs have adequate 
voltage swing to drive the Fiber Optic Transmitter Data 
Input, but ringing may occur unless the signal line is 
properly terminated. The low-impedance Inputs require a 
buffer amplifier between the Receiver output and the Error 
Detector input. Here also the voltage swing is ample, so a 
simple emitter follower will do as a buffer. 

With Mode Select “low” (on the Fiber Optic Transmitter), 
the Word Generator may be set for either NRZ or RZ code, 
and there Is no restriction of any kind on word length or 
composition (pseudo random or selected). With Mode 
Select “high”, the code selection can be either NRZ or RZ 
but in either code the word composition must be such that: 

1. No Interval > 5/iS of consecutive marks or consecutive 
spaces 

2. Duty factor: .44 < DF < .57 or .75 < k < 1.25 


The first condition can be examined v^ith an oscilloscope, 
but If word length is such that: 


word length (bits) 
data rate (bits/second) 


< 5 microseconds 


then there is no way that any consecutive marks or spaces 
can extend over 5/xs. 


The easiest way to check duty factor is by observing k 
directly on an ac coupled oscilloscope: first establish the 
baseline position (e.g., center of scope face) with zero 
signal input, then with the data signal applied: 

_ excursion above baseline position 
“ excursion below baseline position 

where the oscilloscope deflects upward for positive input. 
For this observation, the oscilloscope need not be 
synchronized — It could be free-running. The word 
composition should be adjusted to bring k within the 
specified limits. The word composition can be adjusted by 
adding zeroes, changing word length, or by handselecting 
the bit sequence. 

Either error detector has two modes of operation: 
BER (Bit Error Rate) mode and “count” mode. The count 
mode is simplest to use and gives an earlier indication of 
the result of any system adjustment. 
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AC COUPLED 



Figure 18. Bit Error Rate Measurement Arrangement. 


With the System at normal operating flux level, the error 
rate is so \oy^ that it would take several hours or even days 
to make an accurate BER measurement. If the flux level is 
reduced, SNR falls and BER rises until It becomes 
measurable. Then the error function [see Equation (26)] 
can be applied to determine the BER at the normal flux 
level in terms of the ratio </>o/<^n where 4>q is the operating 
flux level and is the flux at the reduced level where the 
BER was measured. The problem now is that may be 
too low to measure with equipment at hand. The solution 
is in the Receiver Test Point voltage, Vj, which varies 
linearly as Receiver input flux — see Equation (17). But 
even this method has limits; when the flux becomes a 
small fraction of a microwatt, the voltage difference 
(Vtmax - Vt) cannot be accurately observed. The solution 
to this problem is in the TransmItter-to-Cable connection. 
Just back off the Coupling, noting the number of turns 
while observing Vt, then plot a curve like that of Figure 19. 
The curve Is quite repeatable if care Is taken to avoid 
backlash and rotation of the Connector Body (rotate 
Coupling only) but the curve is not the same for each 
System. 

Operating Margin Measurement 

The flux budget margin, a|^, for a given Pe can be found 
using the Connector on the Transmitter as an adjustable 
attenuator as described above, proceeding as follows: 

1. Prepare a curve similar to Figure 19. 

2. Count the turns, N, needed to get measurable error, 
Pe,N. 

3. Find aN(dB) from N and the curve from Step 1. 

4. Find Xn from erfc (Xn) = Pe.N (measured). 

5. Find Xo from erfc (Xo) = Pe (given). 


(27) om(cIB) = «n - 10 log FOR GIVEN Pe 
Xn 

Absolute flux levels at “N" turns can be found by 
measuring the flux level when N = 0 and applying a ratio. A 
rough measurement can be made using the Test Point 
voltage, Vt, and Equation (15). A more precise 
measurement requires a calibrated radiometer, such as 
the EG&G Mod. 550, used as shown In Figure 20a. With its 
“flat” filter installed, the EG&G Mod. 550 reads the radiant 


- 

• 
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• 

1 1 1 

1 1 1 
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8 

6 
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Figure 19. Flux Decoupling by Rotation of Connector Coupling. 
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LOCATION 
OF FERRULE- 
FACE 



REMOVABLE 'FLAT'_ 
FILTER t 


le (^W/sr) = Eg {/iW/cm2) x d2 (cm2) 


GENERAL PROCEDURE: 

USE SUBDUED AMBIENT. FOR EACH OBSERVATION Eg = DIFFERENCE IN READINGS 
OBTAINED WITH TRANSMITTER POWER SUPPLY ON AND OFF. 


_ 550-2 PROBE 
ASSEMBLY 


1. OBSERVE El (MW/cm2) WITH 'FLAT' FILTER IN PLACE 

2. OBSERVE E2 (mWW) WITH 'FLAT' FILTER REMOVED 



FILTER TRANSMITTANCE: 


AVERAGE FLUX FROM TRANSMITTER: 0 (^W) = Ei c|2(cm2)J 


IS THE MAXIMUM VALUE OF THE RADIATION PATTERN INTEGRAL: (SEE DATA SHEET) 


(a) MEASUREMENT OF TRANSMITTER AVERAGE FLUX 



TRANSMITTER 

CONNECTOR 


PROTECTIVE GLASS 
OVER DETECTOR 
DETECTOR AREA ~ 
An = 1 cm2 


RECEIVER 

CONNECTOR 


550-2 PROBE 
WITH 'FLAT' 
FILTER REMOVED 


GENERAL PROCEDURE SAME AS ABOVE 


3. WITH TRANSMITTER CONNECTOR SEATED, CENTER RECEIVER CONNECTOR OVER DETECTOR, 
THEN POSITION AGAINST GLASS. (DO NOT SLIDE - SLIDING MAY CAUSE SCRATCH DAMAGE.) 
OBSERVE Eq (MW/cm2). 

4. WITHOUT ROTATING THE BODY, ROTATE THE COUPLING BY SMALL INCREMENTS OF TURNS, 
NOTING THE NUMBER OF TURNS, N, AND FOR EACH VALUE OF N: OBSERVE Em (^W/omZ). 

RECEIVER INPUT FLUX, AT OPERATING LEVEL <t>o (mW) = ABOVE^”^^ ^^ 


FLUX DECOUPLING (SEE FIG. 19) c^n = 10 logio(Eo / Em) 


(b) MEASUREMENT OF AVERAGE RECEIVER INPUT FLUX AND FLUX DECOUPLING AT TRANSMITTER CONNECTOR. 


Figure 20. Flux Measurement with EG&G Mod 550 Radiometer. 
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incidance, E, in W/cm2 on an aperture area, Ad = 1 cm2 
and N.A. = 1. With the filter removed, a fiber optic cable 
can be placed so close to the aperture that there is no flux 
loss, and since the radiometer N.A. exceeds the fiber N.A., 
the radiometer will have a reading In W/cm2 which is 
numerically equal to the flux in watts. However, a 
correction must be made for the removal of the filter. 

The insertion loss of the filter must be evaluated at the 
measurement wavelength because It varies with wave¬ 
length to compensate for spectral variation In the 
response of the silicon detector. The arrangement shown 
In Figure 20 for measurement of radiant intensity is a good 
one for measuring Insertion loss of the filter. Two 
observations are made — one with and one without the 
filter. Error due to ambient radiation Is avoided by working 
in subdued ambient and for each observation taking two 
radiometer readings (source off and source on); the 
difference in readings is the observation of the radiant 
incidance, Ee, produced by the radiant intensity, U, of the 
source. The ratio of the two observations gives: 

(28) FILTER INSERTION LOSS, Op = 10 log ^ ! !!! ?— 

Ee(filter in) 

This same arrangement can be used to measure the 
average flux of the Transmitter as shown in Figure 20b. 
From the observation of Ee with the filter IN: 


(29) AVERAGE INTENSITY, lei 




X d2 (cm2) 


from Equation (29) 


(30) AVERAGE FLUX, 0e(iuW) = le 



value from radiation pattern integral- 
in Transmitter Data Sheet 


SYSTEM MAINTENANCE 
Preventive Maintenance 

Long-term degradation occurs in any LED and LED 
degradation affects the Hewlett-Packard Fiber Optic 
System in two ways: reduced average flux, affecting either 
externally- or internally-coded mode, and altered flux 
excursion ratio, affecting only the internally-coded mode. 
Significant degradation of either the flux or the flux 
excursion ratio can be detected by regular observation of 
the flux margin, and of k. 

is evaluated as explained under Operating Margin 
Measurement from Equation (27). A plot of against the 
logarithm of the cumulative hours of operation will allow 
an estimate to be made of the operating time remaining 
until = 0 FOR THE Pe DESIRED. 

k must be evaluated by measuring 0^, and (/>|_ as 
explained in the Transmitter description. The Test Point 
voltage can be used in making this measurement — see 


Equation (15). The upper and lower margins on k for a 
particular Receiver can be found by operating the 
Transmitter with Mode Select “high” and a rectangular 
signal (f« 500kHz) at Data Input. As the duty factor of the 
signal is varied, the limits on k are found as those at which 
the Receiver fails to follow the Data Input signal. 


(31) k = 



±-i 

ftN 


where ftp is the positive-pulse duty factor 
ftN is the negative-pulse duty factor 


Changes in k do not affect externally-coded mode 
performance, and if this mode is used, then flux margin, 
is the only concern. 

Corrective Maintenance 

Trouble in the System may range from complete 
breakdown to excessive BER. The flux used in the 
Hewlett-Packard System is visible so the cause of 
complete breakdown can sometimes be localized by 
simply looking at the output of the Cable and the 
Transmitter. If there is visible output from the cable, then, 
when the Cable is connected to the Receiver, there should 
be an 8mV change in Test Point voltage, Vt, as the 
Transmitter (Mode Select “low”) is turned on and off by 
switching Vcc- If AVt is more than 8mV but the system is 
not working, then either the Receiver logic is not 
functioning properly or the flux excursion ratio, k, is either 
too high or too low. Excursion ratio can be checked as 
described above, using Vt. If k Is satisfactory, the logic 
malfunction could be due to incorrect supply voltage or 
output loading. 

If the System is functioning but has excessive BER, either 
the flux and flux excursion ratio are marginal (can be 
checked as described above) or there is too much 
Interference from noise or other effects. If the Data Input 
voltage levels are correct, either random noise is high or 
errors are occurring due to incorrect supply voltage or 
output loading, or due to noise on the supply line. Random 
noise effects can be checked by lowering the flux level to a 
point where Pe is measurably high. If Pe varies with flux 
level according to Pe = erfc(X), as In Equation (26), then 
the problem Is excessive random noise. Random noise 
can also be checked by changing the data rate while the 
flux level Is low enough to make Pe measurable. If Peis the 
same at any data rate, the problem is excessive random 
noise. Excessive random noise is more likely to occur in 
the Receiver than in the Transmitter; the best way to check 
is by replacement of the Receiver. Noise on the supply line 
is difficult to trace. If there Is any doubt, the Receiver 
should be operated from its own supply (e.g., a 5V 
regulator). Receiver noise should be low enough to make 
Pe< 10'® at 10 Mbaud with normal flux level (AVt>8 mV by 
the method described above indicates normal flux level). 
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fj; APPLICATION NOTE 100I 

Interfacing the HDSP-200C 
Microprocessor Systems 

)to 

1 


INTRODUCTION 

Over the past two years, the need for alphanumeric 
displays has grown very rapidly due to the extensive use of 
microprocessors in new systems design. The presence of 
the microprocessor in such systems substantially 
simplifies the traditionally difficult task of designing an 
alphanumeric display into a system. This task is further 
simplified by using a display element such as the HDSP- 
2000 which has in one package a four character display, as 
well as most of the basic electronics necessary to drive the 
display. Depending upon overall systems configuration, 
microprocessor time available to dedicate to display 
support, and the type of Information to be displayed, one 
may choose several different partitioning schemes to 
drive such a display. 

This note will deal with four different techniques (see 
Figure 1) for interfacing the HDSP-2000 display to 
microprocessor systems; 

1. The REFRESH CONTROLLER interrupts the micro¬ 
processor at a 500 Hz rate to request refresh data for the 
display. 

2. The DECODED DATA CONTROLLER accepts 5x7 
matrix data from the microprocessor and then 
automatically refreshes the display with the same 
information until new data is supplied by the 
microprocessor. 

3. The RAM CONTROLLER accepts ASCII data and 
interfaces like a RAM to the microprocessor. 

4. The DISPLAY PROCESSOR CONTROLLER (HDSP- 
247X series) employs a dedicated single chip 
microprocessor as a data display/control/keyboard 
interface which has many of the features of a complete 
terminal. 

The interface techniques depicted are specifically for the 
8080A or 6800 microprocessor families. Extension of 
these techniques to other processors should be a 
relatively simple software chore with little or no hardware 
changes required. 


COMPARISON OF INTERFACE TECHNIQUES 

The choice of a particular interface is an important 
consideration because it affects the design of the entire 
microprocessor system. The REFRESH CONTROLLER 
provides the lowest cost interface because it uses the 
microprocessor to provide ASCII decoding and display 
strobing. Because the ASCII decoder is located within the 
microprocessor system, the designer has total control 
over the display font within the program. This feature is 
particularly important when the system will be used to 
display different languages and special graphic symbols. 
However, the REFRESH CONTROLLER requires a 
significant amount of microprocessor time. Furthermore, 
while the interrupt allows the refresh program to operate 
asynchronously from the main program, this technique 
limits some of the software techniques that can be used in 
the main program. 

The DECODED DATA CONTROLLER requires micro¬ 
processor interaction only when the display message is 
changed. Like the REFRESH CONTROLLER, the ASCII 
decoder is located within the microprocessor program. 
However, the time required to decode the ASCII string and 
store the resulting 5x7 display data into the interface 
requires several milliseconds of microprocessor time. 
The RAM CONTROLLER also requires interaction from 
the microprocessor system only when the display 
message is changed. Because the ASCII decoder is 
located within the display interface, the microprocessor 
requires much less time to load a new message into the 
display. 

The DISPLAY PROCESSOR CONTROLLER, the HDSP- 
247X series, is the most powerful interface. The software 
within the DISPLAY PROCESSOR CONTROLLERfurther 
reduces the microprocessor interaction by providing 
more powerful left and right data entry modes compared 
to the RAM entry mode of the DECODED DATA and RAM 
CONTROLLERS. The DISPLAY PROCESSOR CON¬ 
TROLLER can also provide features such as a Blinking 
Cursor, Editing Commands, and a Data Out function. One 
version of the DISPLAY PROCESSOR CONTROLLER 
allows the user to provide a custom ASCII decoder for 
applications needing a special character font. 





Figure 1. Four Different Techniques to interface the HDSP-2000 Aiphanumeric Display to a Microprocessor System 


MICROPROCESSOR OVERVIEW 

In order to effectively utilize the interface techniques 
listed above, an understanding of microprocessor 
fundamentals is required. A microprocessor system 
usually consists of a microprocessor, ROM memory, RAM 
memory, and some specific I/O interface. The micro¬ 
processor performs the desired system function by 
executing a program stored within the ROM. The RAM 
memory is used to provide a stack for the microprocessor, 
as well as a temporary scratchpad memory. The I/O 
interface consists of circuitry that Is used as an input to the 
system as well as an output from the system. The 
alphanumeric display subsystem would be considered 
part of this interface. The microprocessor interfaces to 
this system through an Address Bus, a Data Bus, and a 
Control Bus. The Address Bus consists of several outputs 
from the microprocessor (Ao, Ai...An) which collectively 
specify a binary number. This number or “address” 
uniquely specifies each word In the ROM memory, RAM 
memory, and I/O Interface. The Data Bus consists of 


several lines from the microprocessor which are used both 
as inputs and outputs. The Data Bus serves as an input 
during a memory or I/O read operation and as an output 
for a memory or I/O write operation. The Control Bus 
provides the required signals and timing to the rest of the 
microprocessor system to distinguish a memory read 
from a memory write, and in some systems an I/O read 
from an I/O write. These control lines and the timing 
between the Address, Data, and Control Buses vary for 
different microprocessors. 

For the 8080A microprocessor, the Address Bus consists 
of 16 lines, the Data Bus consists of 8 lines, and the 
Control Bus consists of several lines Including DBIN (Data 
Bus In), WR (Write), and clock signals <^1 and</) 2 . DBIN and 
WR are used to specify a memory read or write. The 8080A 
microprocessor provides several ot her co ntrol lines which 
are usually decoded wi th DBIN and WR to gener ate com- 
posite control sig nals M EM R (Memory Re ad), ME M W 
(Memory Write), I/O R (I/O Read), and I/O W (I/O 
Write). Since the alphanumeric display subsystem is an 
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output of the microprocessor system, the timing between 
the Address Bus, Data Bus, and WR is of particular 
significance. This timing is generalized in Figure 2. 




01 


02 


ADDRESS BUS 


DATA BUS 
(DBE=02) 

VMA 


R/W 



8080 MICROPROCESSOR 
WITH 8228 CLOCK 

MINIMUM TIMES (ns) 

Iaw 

IWA 

tow 

IWD 

8080A, tcY= 480 

740 

90 

230 

90 

8080A-2, tcY = 380 

560 

80 

140 

80 

8080A-1, Icy = 320 

470 

70 

110 

_1 

70 


tAW =2tcY-tD3-[ 140(A), 130(A-2), IIO(A-I)] 
%A = IWD = 1d3 10 

tow = Icy -tD3 -[170(A), 170(A-2), 150(A-1)] 
From INTEL Component Data Catalog, 1978 


6800 MICROPROCESSOR 

MINIMUM TIMES (ns) 

tl 

tAH 

12 

tH 

6800, tcYC = 1000 

630 

30 

225 

10 

68A00, tcYc = 066 

420 

30 

80 

10 

68B00, tcYC ~ 600 

290 

30 

60 

10 


ti(IVIIN)= tuT(MIN)-tAD(MAX) 
t2(MIN) = tEH (MIN) - tDDw(MAX) 

From MOTOROLA Semiconductor MC6800 Data Sheet 
(DS9471), 1978 


Figure 2. Memory Write Timing for the intei 8080A 
Microprocessor Famiiy 


The 6800 microprocessor has a 16 line Address Bus, 8 line 
Data Bus, and a Control Bus that includes the signals VMA 
(Valid Memory Address), R/W (Read/Write), DBE (Data 
Bus Enable), and clock signals 0i and 02. R/W specifies 
either a memory read or write while VMA is used in 
conjunction with R/W to specify a Valid Memory Address. 
DBE gates the internal data bus of 6800 into the Data Bus. 
In many applications, DBE Is connected to 02. The timing 
between the Address Bus, Data Bus, VMA, and R/W (when 
DBE = 02) is shown in Figure 3. Additional data hold time, 
tH, can be achieved by delaying 02 to the microprocessor 
or by extending DBE beyond the falling edge of 02. 

The ASCII to 5 X 7 dot matrix decoder used by the 
REFRESH CONTROLLER and DECODED DATA CON¬ 
TROLLER is located within the microprocessor program. 
This decoder requires 640 bytes of storage to decode the 
128 character ASCII set. The decoder used by these 
controllers is formatted so that the first 128 bytes contain 
column 11nformation; the next 128 bytes contain column 2 
information, etc. Each byte of this decoder is formatted 
such that De through Do contain Row 7 through Row 1 
display data respectively. The data is coded so that a 
HIGH bit would turn the corresponding 5x7 display dot 
ON. This decoder table is shown in Figure 20. The 
resulting 5x7 dot matrix display font is shown in the 
HDSP-2471 data sheet. 


Figure 3. Memory Write Timing for the Motorola 6800 
Microprocessor Family 


REFRESH CONTROLLER 

The REFRESH CONTROLLER circuit depicted In Figure4 
is designed for interface to either 6800 or 8080A 
microprocessors. This circuit operates by interrupting the 
microprocessor every two milliseconds to request a new 
block of display data and column select data. Display data 
is loaded from the data bus into the serial input of the 
HDSP-2000 via a 74165 parallel in, serial out shift register. 
The 74LS293 counter and associated gates insure that 
only seven clock pulses are delivered to the shift register 
and the HDSP-2000 for each word loaded. Column Select 
data is loaded into a 74174 latch which, in turn, drives the 
column switch transistors. The circuit timing relative to 
the microprocessor clock and I/O is depicted in Figure 5. 

The 6800 software necessary to support this interface is 
divided into two separate subroutines, “RFRSH” and 
“LOAD” (Figure 6). This approach is desirable to minimize 
microprocessor involvement during display refresh. The 
subroutine “RFRSH” loads a new set of decoded display 
data from the microprocessor scratchpad memory into 
the interface at each interrupt request. The subroutine 
“LOAD” is utilized to decode a string of 32 ASCII 
characters into 5x7 formatted display data and store this 
data in the scratchpad memory used by “RFRSH”. 
































8080A MICROPROCESSOR TIMING 




ADDRESS BUS 


DATA BUS 


S/L 74165 


ADDRESS BUS 


S/L 74165 


HDSP-2000 CLOCK 
HDSP-2000 DATA 



Figure 5. REFRESH CONTROLLER Timing 


Figures 7a and 7b depict two different software routines 
for interfacing the REFRESH CONTROLLER to an 8080A 
microprocessor. The two subroutines shown in Figure 7a 
are functional replacements for the 6800 program shown 
in Figure 6. The programs shown in Figures 6 and 7a 
require a 5n byte scratchpad memory where n is the 
display length. The routine in Figure 7b eliminates this 
scratchpad memory by decoding and loading data each 
time a new interrupt request is received. 

Because the microprocessor system is interrupted every 
2 ms, proper software design is especially important for 
the REFRESH CONTROLLER. The use of the scratchpad 
memory significantly reduces the time required to refresh 
the display. The fastest program, shown in Figures, uses 


in-line code to access data from the buffer and output it to 
the display. This program requires 3.7% + .50n% of the 
available microprocessor time for a. 1MHz clock. The 
program shown in Figure 7a is similar to the one shown in 
Figure 6, except that it uses a program loop instead of the 
in-line code. This program uses 5.4% + .93n% of the 
microprocessor time for a 2MHz clock. These programs 
utilize a subroutine “LOAD” which is called whenever the 
display message is changed. This subroutine executes in 
10.2ms and 7.5ms respectively for Figures and Figure 7a. 
The program in Figure 7b uses 7.6% + 1.35n% of the 
microprocessor time for a 2MHz clock. A 50% reduction in 
the previously described microprocessor times can be 
achieved by using faster versions of the 6800 and 8080A 
microprocessors. 
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OBJECT OBJECT 


LOC 

CODE 


SOURCE STATEMENTS 

LOC 

CODE 


SOURCE STATEMENTS 





* 



0004 




RDVR 

EQU 

0004H 





* 



0005 




CDVR 

EQU 

000 5 H 


BF 

05 


CDVR 

EQU 

$BF05 

E500 




DECDR 

EQU 

0E500H 


BF 

04 


RDVR 

EQU 

$BF04 









06 

00 


DECDR 

EQU 

$0600 






ORG 

OEOOOH 

0000 




POINT 

RMB 

2 

EOOO 

05 

EO 


POINT 

DW 

BUFFR 

0002 




COLMN 

RMB 

1 

E002 

FE 



COLMN 

DB 

OFEH 

0003 




COUNT 

RMB 

2 

E003 

FF 

FF 


COUNT 

DW 

OFFFFH 








E005 

00 



BUFFR 

DS 

160 

0005 

00 

AD 


ASCII 

FDB 

DATA 








0007 




DISPNT 

RMB 

2 






ORG 

0E0A5H 

0009 




DCRPNT 

RMB 

2 

E0A5 

A7 

EO 


ASCII 

DW 

DATA 

OOOB 




COLCNT 

RMB 

I 

E0A7 

00 



DATA 

DS 

32 

OOOC 




DIGCNT 

RMB 

1 






ORG 

0E400H 

GOOD 




BUFFR 

RMB 

160 

E400 

F5 



RFRSH 

PUSH 

PSW 

OOAD 




DATA 

RMB 

32 

E40I 

C5 




PUSH 

B 








E402 

E5 




PUSH 

H 

0400 





ORG 

$0400 

E403 

2A 

00 

EO 


LHLD 

POINT 

0400 

86 

FF 


RFRSH 

LDA A 

I, $FF 

E406 

06 

20 



MVl 

B, 32 

0402 

B7 

BF 

05 


STA A 

E, CDVR 

E408 

3E 

FF 



MVl 

A, OFFH 

0405 

DE 

00 



LDX 

D, POINT 

E40A 

D3 

05 



OUT 

CDVR 

0407 

A6 

00 


LOOPHH 

LDA A 

X, 0 

F40C 

IE 



LOOP 

MOV 

A, M 

0409 

B7 

BF 

04 


STA A 

E, RDVR 

E40D 

D3 

04 



OUT 

RDVR 

040C 

A6 

01 



LDA A 

X, 1 

E40F 

23 




INX 

H 

040E 

B7 

BF 

04 


STA A 

E, RDVR 

E4I0 

05 




DCR 

B 






• 


E4II 

C2 

OC 

E4 


JNZ 

LOOP 






• 


E4I4 

3A 

02 

EO 


LDA 

COLMN 






• 


E4I7 

D3 

05 



OUT 

CDVR 

04A2 

A6 

IF 



LDA A 

X, 31 

E4I9 

FE 

EF 



CPI 

OEFH 

04A4 

B7 

BF 

04 


STA A 

E, RDVR 

E4IB 

CA 

28 

E4 


JZ 

FIRST 

04A7 

96 

02 



LDA A 

D, COLMN 

E4IE 

22 

00 

EO 


SHLD 

POINT 

04A9 

B7 

BF 

05 


STA A 

E, CDVR 

E42I 

07 




RLC 


04AC 

81 

EF 



CMP A 

I, $EF 

E422 

32 

02 

EO 


STA 

COLMN 

04AE 

27 

10 



BEQ 

LOOPB 

E425 

C3 

3A 

E4 


JMP 

END 

04B0 

D6 

00 



LDA B 

D, POINT+I 

E428 

21 

05 

EO 

FIRST 

LXI 

H,BUFFR 

04B2 

CB 

20 



ADD B 

I, 32 

E42B 

22 

00 

EO 


SHLD 

POINT 

04B4 

D7 

00 



STA B 

D, POINT+I 

E42E 

3E 

FE 



MVl 

A, OFEH 

04B6 

24 

03 



BCC 

LOOPA 

E430 

32 

02 

EO 


STA 

COLMN 

04B8 

1C 

00 

00 


INC 

E, POINT 

E433 

2A 

03 

EO 


LHLD 

COUNT 

04BB 

OD 



LOOPA 

SEC 


E436 

2B 




DCX 

H 

04BC 

79 

00 

02 


ROL 

E, COLMN 

E437 

22 

03 

EO 


SHLD 

COUNT 

04BF 

3B 




RTI 


E43A 

El 



END 

POP 

H 

04C0 

CE 

00 

OD 

LOOPB 

LDX 

I, BUFFR 

E43B 

Cl 




POP 

B 

04C3 

DF 

00 



STX 

D, POINT 

E43C 

FI 




POP 

PSW 

04C5 

DE 

03 



LDX 

D, COUNT 

E43D 

C9 




RET 


04C7 

09 




DEX 









04C8 

DF 

03 



STX 

D, COUNT 

E43E 

11 

24 

EO 

LOAD 

LXI 

D, BUFFR+31 

04CA 

86 

FE 



LDA A 

I, $FE 

E441 

OE 

20 



MVl 

C, 32 

04CC 

97 

02 



STA A 

D, COLMN 

E443 

2A 

A5 

EO 

LOOPl 

LHLD 

ASCII 

04CE 

3B 




RTI 


E446 

7E 




MOV 

A,M 








E447 

23 




INX 

H 

04CF 

5F 



LOAD 

CLR B 


E448 

22 

AS 

EO 


SHLD 

ASCII 

04D0 

CE 

00 

OD 


LDX 

I, BUFFR 

E44B 

26 

E5 



MVl 

H, DECDR/256 

04D3 

DF 

07 



STX 

D, DISPNT 

E44D 

6F 




MOV 

L, A 

04D5 

86 

06 



LDA A 

I, <decDr 

E44E 

06 

05 



MVl 

B, 5 

04D7 

97 

09 



STA A 

D,DCRPNT 

E450 

7E 



LOOP2 

MOV 

A, M 

04D9 

86 

05 



LDA A 

I, 5 

E451 

12 




STAX 

D 

04DB 

97 

OB 



STA A 

D, COLCNT 

E452 

ID 




MOV 

A, L 

04DD 

86 

20 


LOOPl 

LDA A 

I, 32 

E453 

C6 

80 



ADI 

80H 

04DF 

97 

OC 



STA A 

D, DIGCNT 

E455 

6F 




MOV 

L, A 

04E1 

9B 

06 



ADD A 

D, ASCII+1 

E456 

D2 

5A 

E4 


JNC 

LOOP3 

04E3 

24 

03 



BCC 

LOOP2 

E459 

24 




INR 

H 

04E5 

1C 

00 

05 


INC 

E, ASCII 

E45A 

7B 



LOOP3 

MOV 

A, E 

04E8 

91 

06 


LOOP2 

STA A 

D, ASCII+1 

E45B 

C6 

20 



ADI 

32 

04EA 

DE 

05 


LOOP3 

LDX 

D, ASCII 

E45D 

5F 




MOV 

E, A 

04EC 

09 




DEX 


E45E 

05 




DCR 

B 

04ED 

A6 

00 



LDA A 

X,0 

E45F 

C2 

50 

E4 


JNZ 

LOOP2 

04EF 

DF 

05 



STX 

D, ASCII 

E462 

7B 




MOV 

A, E 

04F1 

IB 




ABA 


E463 

C6 

5F 



ADI 

5FH 

04F2 

97 

OA 



STA A 

D, DCRPNT+1 

E465 

5F 




MOV 

E, A 

04F4 

DE 

09 



LDX 

D, DCRPNT 

E466 

OD 




DCR 

C 

Q4F6 

A6 

00 



LDA A 

X,0 

E467 

C2 

43 

E4 


JNZ 

LOOPl 

04F8 

DE 

07 



LDX 

D, DISPNT 

E46A 

C9 




RET 


04FA 

A7 

00 



STA A 

X,0 








04FC 

08 




INX 









04FD 

DF 

07 



STX 

D, DISPNT 








04FF 

7A 

00 

OC 


DEC 

E, DIGCNT 








0502 

26 

E6 



BNE 

LOOP3 








0504 

CB 

80 



ADD B 

I, $80 








0506 

24 

03 



BCC 

LGOP4 








0508 

1C 

00 

09 


INC 

E, DCRPNT 








050B 

lA 

00 

OB 

LOOP4 

DEC 

E, COLCNT 








050E 

26 

CD 



BNE 

LOOPl 








0510 

39 




RTS 










Figure 6. 6800 Microprocessor Program Utilizing a 160 Byte Figure 7a. 8080A Microprocessor Program Utilizing a 160 Byte 

RAM Buffer that Interfaces to the REFRESH CONTROLLER RAM Buffer that Interfaces to the REFRESH CONTROLLER 
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OBJECT 

LOC CODE SOURCE STATEMENTS 


0004 




RDVR 

EQU 

0004H 

0005 




CDVR 

EQU 

0005H 

E500 




DECDR 

EQU 

0E500H 






ORG 

OEOOOH 

EOOO 

07 

EO 


ASCII 

DW 

DATA 

E002 

FE 



COLMN 

DB 

OFEH 

E003 

FF 

FF 


COUNT 

DW 

OFFFFH 

E005 

00 

E5 


BASE 

DW 

DECDR 

E007 

00 



DATA 

DS 

32 





ORG 


0E400H 

E400 

F5 



RFRSH 

PUSH 

PSW 

E401 

C5 




PUSH 

B 

E402 

D5 




PUSH 

D 

E403 

E5 




PUSH 

H 

E404 

2A 

05 

EO 


LHLD 

BASE 

E407 

EB 




XCHG 


E408 

2A 

00 

EO 


LHLD 

ASCII 

E40B 

01 

IF 

00 


LXI 

B, 31 

E40E 

09 




DAD 

B 

E40F 

43 




MOV 

B, E 

E410 

OE 

20 



MVI 

C, 32 

E412 

3E 

FF 



MVI 

A, OFFH 

E414 

D3 

05 



OUT 

CDVR 

E416 

78 



LOOP 

MOV 

A, B 

E417 

86 




ADD 

M 

E418 

5F 




MOV 

E, A 

E419 

lA 




LDAX 

D 

E41A 

D3 

04 



OUT 

RDVR 

E41C 

2B 




DCX 

H 

E41D 

OD 




DCR 

C 

E41E 

C2 

16 

E4 


JNZ 

LOOP 

E421 

EB 




XCHG 


E422 

3A 

02 

EO 


LDA 

COLMN 

E425 

D3 

05 



OUT 

CDVR 

E427 

FE 

EF 



CPI 

OEFH 

E429 

CA 

3B 

E4 


JZ 

FIRST 

E42C 

07 




RLC 


E42D 

32 

02 

EO 


STA 

COLMN 

E430 

68 




MOV 

L, B 

E431 

01 

80 

00 


LXI 

B, 0080H 

E434 

09 




DAD 

B 

E435 

22 

05 

EO 


SHLD 

BASE 

E438 

C3 

4D 

E4 


JMP 

END 

E43B 

3E 

FE 


FIRST 

MVI 

A, OFEH 

E43D 

32 

02 

EO 


STA 

COLMN 

E440 

21 

00 

E5 


LXI 

H, DECDR 

E443 

22 

05 

EO 


SHLD 

BASE 

E446 

2A 

03 

EO 


LHLD 

COUNT 

E449 

2B 




DCX 

H 

E44A 

22 

03 

EO 


SHLD 

COUNT 

E44D 

El 



END 

POP 

H 

E44E 

D1 




POP 

D 

E44F 

Cl 




POP 

B 

E450 

FI 




POP 

PSW 

E451 

C9 




RET 



Figure 7b. 8080A Microprocessor Program that Decodes a 
32 Character ASCii String Prior to Loading into the 
REFRESH CONTROLLER 


DECODED DATA CONTROLLER 

The DECODED DATA CONTROLLER circuit schematic 
for a 32 character display is depicted in Figure 8. The 
circuit is specifically designed for interface to an 8080A 
microprocessor. This circuit is designed to accept and 
store in local memory all of the display data for a 32 
character HDSP-2000 display (1120 bits). The micro¬ 
processor loads 160 bytes of display data into the two 1K x 
1 RAM’s via the 74165 parallel in, serial out shift register. 
Each byte of data represents one columTTof display data. 
The counter string automatically generates the proper 
address locati on for each serial bit of data after 
initialization by MEM W, the character address, and the 
desired column. Once the loading is complete, the 
counter sequentially loads and displays each column (224 
bits) of data at a 90Hz rate (2MHz input clock rate). The 


timing for this circuit is shown in Figure 9. The software 
required to decode a 32 character ASCI I string is shown in 
Figure 10. This program decodes the 32 ASCII characters 
into 160 bytes of display data which are then stored in the 
controller. The program requires about 6.6ms, for a 2MHz 
clock, to decode and load the message into the 
DECODED DATA CONTROLLER. 

RAM CONTROLLER 

The RAM CONTROLLER (Figure 11a) is designed to 
accept ASCII coded data for storage in a local 128 x 8 
RAM. After the microprocessor has loaded the RAM, local 
scanning circuitry controls the decoding of the ASCII, the 
display data loading, and the column selectfunction. With 
minor modification, the circuit can be utilized forupto128 
display characters. The RAM used in this circuit is an 
MCM6810P with the Address and Data Inputs isolated via 
74LS367 tristate buffers. This allows the RAM to be 
accessed either by the microprocessor or by the local 
electronics. The protocol is arranged such that the 
microprocessor always takes precedence over the local 
scanning electronics. The “Write” cycle timing for the 
RAM CONTROLLER is depicted in Figure 11b. This 
circuit, as with the DECODED DATA CONTROLLER, 
requires no microprocessor time once the local RAM has 
been loaded with the desired data. 


DISPLAY PROCESSOR CONTROLLER 

The previously mentioned interface techniques provide 
only for the display of ASCII coded data. Such important 
features as a blinking cursor, editing routines, and 
character addressing must be provided by other 
subroutines In the microprocessor software. The DIS¬ 
PLAY PROCESSOR CONTROLLER is a system which 
utilizes a dedicated 8048 single chip microprocessor to 
provide these important features. This controller, as 
depicted in Figure 12, is a series of printed circuit board 
subsystems available from Hewlett-Packard under the 
following part numbers: 

HDSP-2470 — Controller with 64 character ASCII to 5 x7 
decoder 

HDSP-2471 — Controller with 128 character universal 
ASCII to 5 X 7 decoder 

HDSP-2472 — Controller with socket for user supplied 
custom coded ROM/PROM/EPROM. 

All of the controllers have the following features: 

• Choice of character string length: 

4-48 characters in Increments of four characters 

• Four modes of data entry 
Left Entry 

Right Entry 

RAM Entry (< 32 characters only) 

Block Entry 

• Flashing Cursor — Left Entry Only 

• Data Out (< 32 characters only) 

• Edit Functions 

Clear Display ~1 RIGHT 
Backspace Cursor_P ENTRY 
Forwardspace Cursor 
Insert 
Delete 


LEFT 

ENTRY 
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ADDRESS BUS DECODING: A 2 Ai Aq 

0 0 0 COL 1 

0 0 1 COL 2 

0 1 0 COL 3 

0 1 1 COL 4 

1 0 0 COL 5 


Ay Aq As A 4 A 3 

0 0 0 0 0 RIGHTMOST CHARACTER 

11111 LEFTMOST CHARACTER 


Figure 9. Data Entry Timing for DECODED DATA CONTROLLER 


OBJECT 

LOC CODE SOURCE STATEMENTS 


BOOO 




DISPL 

EQU 

OBOOOH 

E500 




DECDR 

EQU 

0E500H 






ORG 

OEOOOH 

EOOO 

02 

EO 


ASCII 

DW 

DATA 

E002 

00 



DATA 

DS 

32 






ORG 

0E400H 

E400 

11 

F8 

BO 

LOAD 

LXI 

D, DISPL+00F8H 

E403 

OE 

20 



MVI 

C, 32 

E405 

2A 

00 

EO 

LOOPl 

LHLD 

ASCII 

E408 

7E 




MOV 

A, M 

E409 

23 




INX 

H 

E40A 

22 

00 

EO 


SHLD 

ASCII 

E40D 

26 

E5 



MVI 

H, DECDR/256 

E40F 

6F 




MOV 

L, A 

E410 

06 

05 



MVI 

B, 5 

E412 

7E 



LOOP2 

MOV 

A, M 

E413 

12 




STAX 

D 

E414 

13 




INX 

D 

E415 

7D 




MOV 

A, L 

E416 

C6 

80 



ADI 

80H 

E418 

6F 




MOV 

L, A 

E419 

D2 

ID 

E4 


JNC 

LOOP3 

E41C 

24 




INR 

H 

E41D 

05 



LOOP3 

DCR 

B 

E41E 

C2 

12 

E4 


JNZ 

LOOP2 

E421 

7B 




MOV 

A, E 

E422 

D6 

OD 



SUI 

13 

E424 

5F 




MOV 

E, A 

E425 

OD 




DCR 

C 

E426 

C2 

05 

E4 


JNZ 

LOOPl 

E429 

C9 




RET 



Figure 10. 8080A Microprocessor Program that Decodes a 
32 Character ASCii String Prior to Loading into the 
DECODED DATA CONTROLLER 


These controllers have been designed to eliminate the 
burden of data handling between keyboard, display, and 
microprocessor. The product data sheet describes the 
technical function of the controllers in detail. 

Interfacing the controller to microprocessor systems 
depends on the needs of the particular application. 
Figures 13a and 13b depict latched interfaces from a 
master microprocessor to the HDSP-247X series of 
controllers. These interfaces are utilized to avoid having 
the master processor wait for the controller to accept data. 

In sophisticated systems, it may be desirable to have the 
HDSP-247X controller handle all of the keyboard/display 
interface while the microprocessor reads edited messages 
from the controller DATA OUT port. This function can be 
achieved through the use of peripheral interface adapters 
(PIA) available from the microprocessor manufacturers. 
Figure 14 depicts a 6800 based system in which data may 
enter the display from either a keyboard or a 
microprocessor. This interface uses a 6821 PIA con¬ 
figured so that PB? controls whether the microprocessor 
or keyboard enters data into the controller. The 6800 
program is shown in Figure 15. Subroutine “LOAD” uses 
CAi and CA 2 to provide a data entry handshake that 
allows the 6800 to load data into the controller as fast as 
the controller can accept it. After the prompting message 
has been loaded, the microprocessor turns the control of 
data entry over to the keyboard. A signal from the 
keyboard (“ER” in the example) setsaflag within the6821. 
Depending on how the 6821 is configured, the 
microprocessor can either test the flag or allow the flag to 
automatically interrupt the microprocessor. Subroutine 
“READ” would then be used to read the DATA OUT 
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Z80 INTERFACE: 




Figure 11a. 8080A Microprocessor interface to the HDSP-2000 RAM CONTROLLER 
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Figure 14. 6800 Microprocessor interface Utiiizing a 6820 PIA for an HDSP-2470/-2471/-2472 Aiphanumeric Terminai 


outputs from the controller into the microprocessor 
system. The microprocessor uses the CBi input of the 
6821 PIA to determine when to read each of the 34 data 
output words into the system. 

A similar PIA interface for the 8080A microprocessor is 
depicted in Figures 16 and 17. 

The HDSP-247X series of controllers are programmed to 
default to “Left Entry” mode for a 32 character string of 
displays. If some other entry mode or string length is 
desired, it is necessary to either ioad the appropriate 
control word from the microprocessor or to provide a 
control word during POWER ON RESET. The controller 


will read the DATA IN lines during RESET and interpret 
the contents as the control word. The circuit depicted in 
Figure 18 can be utilized to load any desired prepro¬ 
grammed word into the HDSP-247X controller, during 
power on. 

Under certain operating conditions, it may be desirable to 
vary the brightness of displays controlled by the HDSP- 
247X controllers. The circuit depicted in Figure 19 may be 
utilized to provide manual brightness control of the 
display through pulse width modulation. Automatic 
control may be achieved by substituting an appropriate 
value photoconductor for potentiometer Ri. 
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PORT CONFIGURATION: 

1. PORT A (MODE 1 OUTPUT): 

PA0-PA7 OUTPUTS TO DATA IN OF HDSP-247X 
PC7 (OBF) OUTPUT; TO CHIP SELECT 
PC6 (ACK) INPUT; TO READY 
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Figure 17. 8080A Microprocessor interface Utiiizing an 8255 PIA for an HDSP-2470/-2471/-2472 Aiphanumeric Terminai 
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Figure 19. External Circuitry to Vary Luminous Intensity of the 
HDSP-2470/-2471/-2472 Alphanumeric Display System 
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Figure 20.128 Character ASCII Decoder Table Used by the 6800 Refresh Program in Figure 6, 8080A Refresh Programs in Figures 
7a, 7b, and 10, and the HDSP-2471 DISPLAY PROCESSOR CONTROLLER. Decoded 5x7 Display Font is shown in the HDSP-247X 
Data Sheet 
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INTRODUCTION — Optocouplers Aging Problem 

A persistent, and sometimes crucial, concern of designers 
using optocouplers is that of the current transfer ratio, 
CTR, changing with time. The CTR is defined as the ratio 
of the output current, 1^, of the optocoupler divided by the 
input current, Ip, to the light emitting diode expressed as a 
percentage value at a specified input current. The resulting 
optocoupler’s gain change, ACTR"^, with time is referred to 
as CTR degradation. This change, or degradation, must be 
accounted for if long, functional lifetime of a system is to 
be guaranteed. 

A number of different sources for this degradation will be 
explained in the next section, but numerous studies have 
demonstrated that the predominant factor for degradation 
is reduction of the total photon flux being emitted from 
the LED, which, in turn, reduces the device’s CTR. This 
degradation occurs to some extent in all optocouplers. 

+ACTR = CTRfi„3,-CTRi„i,i3, (1) 

Causes 

The main cause for CTR degradation is the reduction in 
efficiency of the light emitting diode within the opto¬ 
coupler. Its quantum efficiency, t?, defined as the total 
photons per electron of input current, decreases with 
time at a constant current. The LED current is comprised 
primarily of two components, a diffusion current com¬ 
ponent, and a space-charge recombination current: 



where A and B are independent of Vp, q is electron 


charge, k is Boltzmann’s constant, T is temperature in 
degrees Kelvin, and Vp is the forward voltage across 
the light emitting diode. 

The diffusion current component is the important radiative 
current and the non-radiative current is the space-charge 
recombination current. Over time, at fixed Vp, the total 
current increases through an increase in the value of B. 
From another point of view, with fixed total current, if the 
space-charge recombination current increases, due to an 
increase in the value of B, then the diffusion current, the 
radiative component, will decrease. The specific reasons for 
this increase in the space-charge recombination current 
component with time are not fully understood. 

The reduction in light output through an increase in the 
proportion of recombination current at a specific Ip is due 
to both the junction current density, J, and junction 
temperature, Tj. In any particular optocoupler, the emitter 
current density will be a function of not only the required 
current necessary to produce the desired output, but also of 
the junction geometry and of the resistivity of both the P 
and N regions of the diode. For this reason, it is important 
not to operate a coupler at a current in excess of the manu¬ 
facturer’s maximum ratings. The junction temperature is 
a function of the coupler packaging, power dissipation 
and ambient temperature. As with current density, high Tj 
will promote a more rapid increase in the proportion of 
recombination current. 

The junction and IC detector temperature of Hewlett- 
Packard optocouplers can be calculated from the following 
expressions: 

Tj = TA + ejA<VF'F> + VE<Vo-^V,c'cc> 

(3) 

Td = TA + 0E-D<''F'F> + eDA<Vo'o + ''eo'cc> 
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where the Tj is the junction temperature of the LED 
emitter, Td is the junction temperature of the detector 
IC, is ambient temperature, and the thermal resistances 
are the emitter junction to ambient, = 370°C/W = 6 ^^^ 
detector to ambient, and the detector to emitter thermal 
resistance is “ 170°C/W = ^E-D- Vp. Ip are the 

forward LED voltage and current; V^, are the output 
stage voltage, and current and are the power 

supply voltage and current to the device. In general, it is 
desirable to maintain Tj < 125°C. 

A useful model can be constructed to describe the basic 
optocoupler’s parameters which are capable of influencing 
the current transfer ratio. The 6N135 optocoupler, Figure 1 
is the simplest device and one which is easily accessible for 
needed parameter measurements. However, any opto¬ 
coupler can be modeled in this fashion within its linear 
region. Figure 1 shows the system block diagram which 
yields the relationship of input current, Ip, to output 
current, 1^. The resulting expression for CTR is: 

*o 

CTR =—(100%) = K Rr?(lp,t)^(lp,t) (4) 

'f 

where K represents the total transmission factor of the 
optical path, generally considered a constant as is R, the 
responsivity of the photodetector, defined in terms of 
electrons of photocurrent per photon, rj is the quantum 


efficiency of the emitter defined as the photons emitted per 
electron of input current and depends upon the level of 
input current, Ip, and upon time. Finally, j3 is the gain of 
the output amplifier and is dependent upon Ip, the 
photocurrent, and time. Temperature variations would, of 
course, cause changes in i?, as well. 

From Equation (4), a normalized change in CTR, at 
constant Ip, can be expressed as: 

(5) 


The first term, Ai 7 /i 7 , represents the major contribution to 
ACTR due to the relative emitter efficiency change; 
generally, over time, At? is negative. This change is strongly 
related to the input current level. Ip, as discussed earlier 
and more elaboration will be given later. The second term, 
(At?/t?)ip (91nj3/31nlp)^, represents a second order effect 
of a shift, positive or negative, in the operating point of the 
output amplifier as the emitter efficiency changes. The 
third term, (Aj3/i3)ip, is a generally negligible effect which 
represents a positive or negative change in the output 
transistor gain over time. The parameters K and R are 
considered constants in this model. 


ACTR _ /At\ /At?\ / 3ln^ \ /A^X 

CTR " WlpWlpA^w 




**• *0 “ (lp,t) K R 0 (Ip) 


Figure 1. System Model for an Optocoupler 






Degradation Model 

In this section, an extensive test program conducted at 
Hewlett-Packard to characterize the CTR degradation 
of optocouplers is discussed. The development which will 
follow is mainly of interest to those concerned with 
reliability and quality assurance. From the basic data, the 
CTR degradation equations will be developed in order to 
predict the percentage change in CTR with time. Complete 
data and analysis of CTR degradation will be found in an 
internal Hewlett-Packard report. 

This study is based on a total of 640 optocouplers of the 
6N135 type (Figure 1) with 700 nm GaAs' 7 P ^ LEDs 
from twenty different epitaxial growth lots representing a 
range of n-type doping and radiance. The 6N135 allows 
access to measurement of the emitter degradation via the 
relative percentage change in photodiode current, AIp/Ip, 
as well as output amplifier j3 change. Stress currents of 
Ips = - 6 , 7.5, 25 and 40 mA were applied to different 
groups of optocouplers, and at each measurement time of 
t = 0, 24, 168, 1000, 2000, 4000 and 10,000 hours, 
measurement currents of Ip|^ = .5,1.6, 7.5, 25 and 40 mA 
were used to determine the CTR. 

The important results to be noted are the following. First, a 
factor of major significance in the study of CTR 
degradation is the ACTR varies as a function of the ratio of 
Ips/IpM ~ Large values of R will result in greater CTR 
degradation than at lower R values with the same 
magnitude of Ipg. However, knowledge of the ratio of 
Ips/IpM alone does not give a complete picture of 
degradation because ACTR is also dependent upon the 
absolute magnitude of the stress current, Upgl- The 
following data will allow the derivation of the necessary 
equations with which to predict ACTR as a function of 

*FS’ ^FM 


Figure 2 displays the mean and mean plus 2 ct values 
of emitter degradation versus R for IK, 4K, and lOK hours 
at 25°C. Accelerated degradation can be seen at larger R 
values. 

The data of Figure 2 can be replotted to illustrate the 
percentage degradation versus time as a function of R. 
Figure 3 illustrates the mean and mean plus 2a distribution 
with R = 1 and 50. 

From this curve, a useful expression which relates the 
average degradation in emitter efficiency to time is 
obtained for the mean or mean plus 2a distributions. [The 
symbol “D” will refer to CTR degradation due solely to 
emitter degradation, Ar^/ry, whereas ACTR/CTR will refer 
to total CTR degradation as expressed in Equation 

(5)]. 

( 6 ) 

-Alp 

'^x°'’'’x + 2a ““ AjjRV**’* ^°f'FS“'FS 

■p 

where t is in 10 hours and A^ and a differ for mean or 
mean plus 2a. Equation ( 6 ) represents an average 
degradation corresponding to a specific R, t, and an average 
stress current Ipg. A knowledge of Ipg and the actual 
device operating stress Ipg can be utilized to correct D to 
reflect the absolute magnitude of Ipg. This will be shown in 
the development of-Equations (11) and (13). The data 
shows that Ipg increases with R and can be represented as 
follows: 




(7) 

Ipg(R) = 14.13+ 9.06 log, qR 

, Ta = 25“C 

(8) 

Tpg(R) = 10.5+ 5.76 log, qR 

, T^ = 85°C 




Figure 2. Emitter Degradation vs. R (Ratio of Stress Current to Measurement Current) for 1k, 4k, and 10k Hours, 
Mean, Mean +2a Distribution, T>\ = 25°C. 
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Figure 3. Degradation vs. Time at R = 1 and R = 50 for Mean, Mean + 2a Distributions, Ta = 25°C. 


These equations are obtained from averaged degradation 
data versus Ipg at different measurement times. 

The expression for n(R) was found to obey the relationship 

n(R) = .0475log.,QR+.25 (9) 

Aq and a were determined from degradation data versus R 
and are found in Figure 7, “Matrix of Coefficients.” 

Equation (6) gives direct relationship between the 
average degradation, D, and time. As mentioned earlier, 
the magnitude of the stress current also determines the 
amount of degradation. In order to allow for the effect 
of llpgl, empirical observations were made on D at 
different Ipg and at different times for several values of R. 
The dependence of degradation on stress current is linear 
up to Ipg = 40 mA, for all values of R. From these 
observations, the average rate of change, or slope, S(R,t), of 
degradation D with Ipg over time was found to behave in 
the following fashion for any R: 

3D 

S =-= ol{R) log^Qt +/3(R) %/mA (10) 

3'fS 

where t is in 10*^ hours, the coefficients a(R) and i3(R) can 
be found on Figure 7. 

Along with Equation (10), the mean distribution 
degradation, D—, can be estimated for any specific stress 
current, Ipg, ratio R, and time t via the subsequent 
expression: 

D-- D- + S[Ips-Tfs1 % <11) 


or substituting Equation (6), 

Djj- = +S [Ips -Tpsl % (12) 

where, again. is the average degradation at time t, in 
units of 10*^ hours, corresponding to a stress current, 
Ifs» given by Equations (7) and (8); Ipg is the actual stress 
current and R“Ips^%M’ ^ expression (10) for the 

change of slope of D versus Ipg with time; n(R) is a power 
of t, given by Equation (9), and are found in Figure 7. 

Equation (12) gives the mean distribution degradation 
by using a degradation value, D (first term),corresponding 
to the ratio of Ipg/Ipi^, or a stress current, Ipg, ^nd then 
applying a correction quantity (second term) to D due to 
the magnitude of the actual stress current, Ipg, yielding the 
actual degradation D. 

The expression for the mean + 2a distribution degradation, 
+ 2a’ almost of the same form as 

Equation (12). The dissimilarity arises from the fact 
that the standard deviation, a, is dependent upon the stress 
current, Ipg, the ratio R, and upon time. This complex 
dependency was analytically deduced from the data to be 
the following expression: 

+ 2a = Djf ^ 2a + ts + 2P] ^ <13> 

or substituting Equation (6) 

Dx + 2a = A„R“t"<R' + [S + 2P] [Ipg -Tpsl (14) 

where D- ^ 2o degradation for x + 2a distribution 

corresponding to the stress current Ipg, Equations (7) 
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and (8). and a are found in Figure 7 under the 3r+ 2a 
category. S [Equation (10)] represents the slope to correct 
for actual Ip§ versus Ipg current levels, and P [Equation 
(15)] is the new term which is a slope to correct for the a 
variation with Ipg, R and t. The coefficients 7(R), 5(R) in 
P are found in Figure 7. 

P y{n)\og^Qt + 8{R) %/mA (15) 

where t is in 10*^ hours. 

The degradation Equations (11) and (13) are considered 
accurate for the ranges of Ipg < 40 mA and R < 20; 
outside this range, the model does not predict degradation 
as well. Hence, check to see if Ipg and R satisfy the 
above conditions. If Ipg or R exceed these limits, 
predition of D will be, in general, greater than the 
actual degradation due to lar^ values for S and P which do 
not reflect actual S and P. If Ipg is approximately equal to 
the actual Ipg, then the second term in the degradation 
equations need not be determined. Otherwise, the second 
term needs to b£ determined to obtain true emitter 
degradation, D. If Ipg < Ipg,Jhen the degradation, D, will 
be less than the degradation, D, corresponding to Ipg, and 
vice versa w^n Ipg > Ipg. A quick and^oarse estimate for 
degradation D can be obtained by using D = A^R^t”^^' for 
a specific R with approximate values for o 0.4 and 
n^0.3. Figure 4 represents plots of Equations (11) and 
(13) for R = 1 and Ips = 1-6, 6.3, and 16mA at both 
Ta = 25°C and Ta = 85°C. These plots are very useful in 
making a quick approximation of D for the specific condi¬ 
tions for which the plots have been made. These condi¬ 
tions represent the recommended operating conditions for 
the three HP optocoupler families. 

This discussion of reliability data and its interpretation with 
model equations is qualified to specific optocouplers, 
6N135 and 6N138, where continuous LED operation was 
maintained, and extrapolation of data for times beyond 
10,000 hours is assumed to be valid. Different types of 
LEDs or preparation processes may produce different 
results than those presented in this section. These 
expressions only incorporate the first order effect, emitter 
degradation Arj/r), whereas comments about higher order 
effects upon total CTR degradation will be given in the 
following section. With these expressions for degradation, 
accelerated testing may be accomplished by employing 
large values of R. Such testing can provide a means by 
which to determine acceptable emitter lots for optocoupler 
fabrication, acceptable degradation performed for lot sel¬ 
ection, or predict functional Ufetime expectance for 
optocouplers under specific operational conditions. 

An important point to note is that the total operational life 
of an optocoupler is greater than the worst case mean plus 
2a distribution implies. Specifically, the worst case 
degradation given in Figures 4a (25°C) and 4b (85°C) 
are for the continuous operation of the 6N135 optocoupler. 


The actual lifetime for an optocoupler is greater than 
Figures 4a and 4b would indicate since the majority of 
units will be centered around the mean distribution lifetime. 
Secondly, the optocoupler which is operated at some 
signal duty factor less than 100%, for example 50%, would 
increase the optocoupler’s life by a factor of two. Third, 
the fact that an optocoupler is used within equipment 
which may have a typical 2000 hours per year (8 hours/day 
— 5 days/week — 50 weeks/year) instmment or system 
operating time, could expect to increase the optocoupler’s 
life by another factor of 4.4 in terms of years of useful life. 



TIME (hours) 



TIME (hours) 

b 


Figure 4. Calculated Curves of Relative Emitter Efficiency 
vs. Time for P =* 1: IpS “ IFM * L6, 6.3, and 
16mA which are Recommended Ip for 6N138, 
6N137, and 6N135 Optocouplers Respectively. 
Mean, Mean + 2a Distributions, a) Ta = 25°C, 
b) Ta * 85°C. 
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The appropriate operating time considerations will vary 
depending upon the designer’s knowledge of the system 
in which the optocoupler will be used. The operating life¬ 
time of an optocoupler can be expressed, for a maximum 
allowable degradation at a particular Ips, by using Figures 
4a and 4b for tcontinuous lifetime following 

'expression: 


gain is j3 = 26,000; hence, dlnj3/31nlp ^ -0.25. If, for 
instance, the emitter degradation A 77/?7 is - 10 %, then 
the second order term would improve the overall CTR 
degradation, i.e., 



(16) 


^continuous _ 

^system 

Data Duty 

System Use 

lifetime 

lifetime 

Factor 

Data Factor 


Another equally important point to observe is that of the 
worst case conditions under which the optocoupler is used. 
As will be illustrated in the design examples, the worst 
possible combination of variations in 
CTR, Rj^, Ijj^, and temperature still result in the opto¬ 
coupler functioning over an extended length of time 
( 10 ^ hours) for a particular maximum allowable degra¬ 
dation. However, the likelihood of seven parameters all 
deviating in their worst directions at the same time is 
extremely remote. A thorough statistical error accumu¬ 
lation analysis would illustrate that this worst-worst case is 
not a representative situation from which to design. 

Higher Order Effects 


This improvement is what was expected while operating on 
the right side of the jS maximum. In fact, with an Ip = 4 mA 
or Ip 4juA, the term dlnjS/dlnlp = -0.8, and again, if 
Ai 7 /t?= -10%, the resulting ACTR/CTR = -2%, nearly 
cancelling the emitter’s degradation. 



.01 .1 1 10 100 
Ip-PHOTOCURRENT- mA 


The first order effect of emitter degradation, A 77 / 17 , has a 
pronounced influence upon the ACTR as explained in 
the previous sections; however, consideration of higher 
order effects is important as well. 

Consider the second term in Equation (5) (A'J 7 /i?)If 
( 3InjS/3InIp)t, the emitter degradation part has been 
explained; however, (3Ini3/3InIp)t represents a shift in 
the operating point of the output amplifier of an opto¬ 
coupler. The term (91ni3/31nlp) can be rewritten as 
(l/2.3j3)(3i3/91ogjQlp) which is more convenient to use 
vith the accompanying typical curves of /3 versus log^Qlp 
for the two optocouplers 6N135 and 6N138, given in 
Figure 5 a. 

If the operating photocurrent. Ip, is to the right of the 
maximum point of either curve, then with reduced 
emitter efficiency over time. Ip will decrease, but the 
increasing j3 will tend to compensate for this degradation. 
However, if the operating Ip is to the left of the maximum 
j3 and then Ip decreases, the p change will accentuate the 
emitter’s degradation, yielding a larger CTR loss. The 
magnitude of the contributions of 91nj3/91nlp to overall 
CTR degradation can be illustrated by the following 
examples. 


a 



b 


Vcc 



5 

-OGND 


Consider a 6N138 optocoupler of Figure 5c operating 
at its recommended Ip = 1.6 mA which corresponds to 
an Ip ^ 1.6/iA. (An Ip to Ip relationship for Hewlett- 
Packard optocouplers is 1 mA input current yields ap¬ 
proximately ljuA of photodiode current.) At Ip = 1.6juA, 
the slope of the = 5V curve is equal to -15,000 and the 


c 

Figure 5. a) DC Current Gain, p, vs. Photocurrent, Ip, for 
6N135 and 6N138 Optocouplers. Current Dia¬ 
grams and Typical Values of Ip and CTR for 
Hewlett-Packard Optocouplers, b) 6N135, 
c) 6N138. 
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With the 6N135 optocoupler, Figure 5b operating at 
Ip = 10 mA, or Ip lOjuA, which corresponds to the 
maximum j3 point on the V^p = .4V curve, the slope is zero 
and the total CTR degradation is basically the emitter’s 
degradation. 

Another subtle effect is seen from the third term in 
Equation (5), (A/3/i3)Ip, over time. At constant Ip, 
can increase or decrease by a few percent over 10,000 
hours. This change is so small that the third term is generally 
neglected. 


For the optocouplers containing an output amplifier, such 
as the 6N137, which switches abruptly about a particular 
threshold input current, the actual emitter degradation can 
be determined from Equations (11) and (13). An appro¬ 
priate iFinitial determined to provide for ade¬ 

quate guard band current which will allow the opto¬ 
coupler emitter to degrade while maintaining sufficient 
Ip to switch the amplifier. An actual design procedure to 
determine the needed iFjnitial proper operation of 
Hewlett-Packard optocouplers is given in the design 
examples section. 



.1 1.0 10 100 
Ip - PHOTOCURRENT - nA 

a 



MATRIX OF COEFFICIENTS 



25°C 

85°C 

X 

X + 2a 

* 

X + 2a 

R<6 

6 <R 

R<8 

8 <R 


4.95 

9.7 

6.8 

5.0 

15.0 

11.0 

a 

.388 

.428 

.302 

.467 

.284 

.430 


25° C 

85°C 

R<1 

R>1 

R<1 

R>1 

alR) 

o 052 
.19 R 

.19 R -32 

.32 R ■“ 

.32 R 

m) 

.055 

.055 R 

.11 R -25 

.IIR-65 


25° C 

85°C 

t(R) 

.063 R 

.154 R-26 

6 (R) 

.38 

.081 R 

.196 r“ 


Figure 7. Matrix of Coefficients. 


Figure 6. a) Output Current, Iq, vs. Photocurrent, Ip, for 
6N137 Optocoupler. 

b) Circuit Diagram and Typical Values of Ip and 
CTR for 6N137 Optocoupler. 
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Procedure for Calculation of CTR Degradation 


1. Specify IpsJpM 

2. Determine R = * FM ^ | 

lpg<40mA j 

3. First Approximation of Degradation 


Degradation Model Equations (11) and (13) Valid 



Dx 

or 

X + 2a 

= AjjR^t" (%) with a^.4, Aq (Figure 7) 

n « .3, t in 10^ hours 
(D corresponds to Ip^) 




( 14.13 + 9.06 log^QR@25°C 

Equation (7) 

Calculate 

^FS " 

] 10.5 +5.76log^0'^® 

If 1 Fs ^ 1 p 5 v Step 6 and the second terms in 

Equations (11) and (13) do not need to be calculated. 

Equation (8) 


5. Calculate 

6. Calculate 

7. Calculate 


n(R) = .0475log^0^'^'25 
S = a(R)log^0^'^^^*^^ 

P = 7(R)logiot + 5(R) 

Mean, Mean + 2a Degradation 

a„rV*'’* + s[Ips-Ifs' 

°x + 2o" + [S + 2P) [I 

Q 

(Ao- a via Figure 7, t in 10 hours) 


a(R), |3(R) 

7(R),S(R) 


fs“'fs' 


Figure 7 

3 

t in 10 hours 

% Equation (11) 

% Equation (13) 


8 For Second Order Effect, Determine Slope 


ain/3 1 8/3 

dinip 2.3|3 8log^Qlp 


Figure 5a — typical curves with an approximation 
for HP optocouplers of Ip = 1 mA yields Ip ^ IjuA 


9a. Total CTR Degradation for Mean Distribution 

ACTR 8ln|3 

= D-+D- - 

CTR * 9lnlp 

9b. Total CTR Degradation for Mean + 2a Distribution 

ACTR _ 31 n^ 

CTR + 2a °x + 2a 
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Practical Application 


A very common application of an optocoupler is to 
function as the interfacing element between digital logic. 
In this section, the designer will be shown an approach 
which will insure the initial and long term performance 
of such an interface, and take into account the practical 
aspects of the system that surrounds it. These system 
elements include the data rate, the logic families being 
interfaced, the variations of the power supply, the 
tolerances of the components used, the operational 
temperature range, and lastly the expected lifetime of the 
system. 



Figure 8. Typical Digital Interface Using an Optocoupler. 


The system data speed can be considered as the primary 
selection criteria for selecting a specific optocoupler family. 
Figure 9 lists the ranges of data rates for four Hewlett- 
Packard optocoupler families when driven at specified 
LED input current, Ip. With this table, and the know¬ 
ledge of the system data rate requirements, it is pos¬ 
sible to select an optimum coupler. 


'f (IMIN) “ 

■f (MAX) 


''ccl (MIN) ~ '^F (MAX) “ ''oL 
(MAX) 

''ccl (MAX) “ ''f (MIN) “ ''OL 
(MIN) 


An example of an optocoupler interconnecting two logic 
gates is shown in Figure 8. A logic low level is insured 
when the saturated output sinking current, Iq, is greater 
than the combined sourcing currents of the pull-up resistor, 
and the logic low input current, Ijj^, of the interconnecting 
gate. Using the coupler specifications selected from Figure 
9 and the corresponding CTR (MIN) from Figure 10, 


Iq X 100 
CTR(MIN) 


«in = 


Vccl-Vp-VoL 


(18) 


(19) 

( 20 ) 


( 21 ) 


FAMILY 

NRZ DATA 
RATE BITS/S 

INPUT CURRENT - Ip 

.5mA 

1.0mA 

1.6mA 

7.5mA 

10mA 

12mA 

16mA 

6N135/6 

SINGLE cathooeI 

TRANSISTOR ^ 


gvcc 

D''8 

gvp 

Ogno 

MIN 







mm 

TYP 














MIN 

12k 


22k 



125k 



B 

I 

TYP 

100k 


200k 



840k 








MIN 





1.8k 



aNooe(T 

4N45/6 cathooe[| 

DARLINGTON ^ 

pB 

1 

TYP 


640 



6.5k 



6N137 S 

OPTICALLY 
COUPLED cathodes 
GATE S 

1 

m|||| 





6.7M 








10M 





Figure 9. Figure 13.5-2. Optocoupler Data Rates Specifications. 
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FAMILY 

% CTR @ Ip = (mA) 

TEMP 

"C 

VoL 

.5 

1.0 

1.6 

5 

10 

16 

SINGLE 

TRANSISTOR 

6N135 






7 

25 

0.4 

6N136 






19 



SPLIT 

DARLINGTON 

6N138 







0-70 

n 

6N139 


moiiiii 





0-70 

0.4 

DARLINGTON 

4N45 


iiiiiiii^iii^ 



200 


0-70 

1.0 

4N46 

350 




200 


0-70 

1.0 

OPTICALLY 

COUPLED 

GATE 

6N137 




400 



0-70 

B 


Figure 10. Optocoupler CTR (MIN). 

it is possible to determine from Equation (20) the 
minimum initial value of Ip for the coupler. The design 
criteria is that for the Vjj^ specified in Figure 

Using Equation (21), the typical value of Rjn can be 
calculated for the selected Ip and the logic low output 
voltage, Vqp, of the driving gate. The Vq^ of the logic 
family is given in Figure 11. The next step is to de¬ 
termine the worst case value of the LED input current. 
Ip, resulting from the tolerance variations of the LED 
current limiting resistor, and the power supply voltage. 
The conditions of IpmjN) initial 

CTR (MIN) are then used to determine me initial worst case 
value of Io(MIN)' Conversely, the worst case CTR 
degradation will occur when the LED is stressed at 
Ip (MAX) conditions; thus. Ip (maX) 
determine the worst case degradation of the optocoupler 
performance. Using the maximum and the minimum 
will accomplish this worst case calculation, as shown in 
Equation (19). 


TTL FAMILY 

•iL 

VlL 

'IH 

VlH 

O 

1 - 

-1 

O 

> 

O 

I 

X 

o 

> 

74S 

-2 mA 

.8V 

50 mA 

2V 

20 mA 

.5V 

-1000 JU A 

2.7V 

74H 

-2 mA 

.8V 

50 mA 

2V 

20 mA 

.4V 

- 500 mA 

2.4V 

74 

-1.6 mA 

.8V 

40 mA 

2V 

16 mA 

.4V 

- 400 mA 

2.4V 

74 LS 

-.36 mA 

.8V 

20 mA 

2V 

8 mA 

.5V 

- 400/iA 

2.7V 

74L 

-.18 mA 

.7V 

lOjuA 

2V 

3.6 mA 

.4V 

- 200 mA 

2.4V 


Figure 11. Logic Interface Parameters. 


The change in CTR from the initial value at time t = 0 to a 
final value at some later time can be compensated by 


choosing a value of Rp which is consistent with 
^o(MIN)“^hL system life. Equation 

(22) describes this worst case calculation. 

( 22 ) 


(MIN) ^ 


''cc2 (MAX) “ ''OL 


'f(MIN) •CTR(MIN).1-( 

+ 2a 
100 

L 100 



Dx + 2o ~ CTR degradation 


The selection of the maximum value of R^ is also of 
important in that its value insures that the collector is 
pulled up to the logic one voltage conditions, Vjj|, under 
the conditions of maximum Iqj^ of the coupler, and the 
IlH of the interconnecting gate. 


(MAX) 


''cc2 (MIN)" ''iH 

^ - 

'oh (MAX)'^"’ 'ih 


(23) 


The selection of the value of Rp between the boundaries of 
Rl (mIN)’ ^L (MAX) certain trade offs. As in any 
open collector logic system, Tpp|^ increases with increasing 
Rp. Conversely, as Rp is increased above RLmiN’ ^ larger 
guardband between Iomin ^IL ^ ^R achieved. 
Engineering judgement should be employed here to achieve 
the optimum trade off for desired performance. 
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Using the coefficient Figure 7 and Equations (11) and 
(13), the following examples are developed to demon¬ 
strate the methods of optocoupler system design in the 
presence of the mean and mean plus two sigma CTR 
degradation. 

Example 1. 

System Specifications 


Data Rate 
Logic Family 
Power Supply 1 & 2 
Component Tolerances 
Temperature Range 
Expected System Lifetime 


20 k bit NRZ 
Standard TTL 
5V±5 
±5% 

0 - 70°C 

350 k hr (40 yr) at 50% 
system use time and 
50% Data Duty Factor 


'f (MIN) 


4.75 - 1.7 - .4 


1890n 


1.4 mA 


Step 3. 

'f (MAX) 


'f (MAX) 

''ccl (MAX) “ ''f (MIN) “ ''OL 
'^in (MIN) 


( 26 ) 


5.25-1.4-.4 
*F (MAX) 17100 


2.02 mA 


Step 4. Determine continuous operation time for LED 
emitter. 


Interface Specifications 


Coupler 6N139 


CTR (MIN) = 

'^OL (MAX) ^ 
•oh (MAX) “ 
(MAX) “ 
^IN) ~ 
'^F (TYP) " 


500% @ Ip = 1.6 mA 
.4V@Ip = 1.6 mA 
250 M@V^j. 2 = 7V 
1.7V @ Ip = 1.6 mA 
1.4V @ Ip = 1.6 mA 
1.6V @ Ip = 1.6 mA 


Logic Standard TTL 


•iL = 

1.6 mA 

•iH 

= 40iuA 

ViL = 

.8V 

Vffl 

= 2V 

•oL - 

16 mA 

•oh 

= 400iuA 

V0L = 

.4V 

Vqh 

= 2.4V 


Step 1. R 


Rin = - 


'ccl 


in (TYP) 

- ''f (TYP) 
'f (TYP) 


- V, 


OL 


(24) 


5.0-1.6-.4 
fin- 1.6x10-3 


1.87kn, select 1.8kn ±5% 
f(MIN) ° i7ion 

f(MAx)“ isoon 


Step 2. Ip (MAX) 


•f (MIN) 


''ccl (MIN) “ ''f (MAX) “ Vql 
fin (MAX) 


(25) 


continuous 

lifetime 


continuous 

lifetime 


_ I System I Data Duty I I System Use I 
lifetime I Factor I I Duty Factor I 

= (40 yr X 8.76 k hr/yr)(50%)(50%) 

= 87.60K hr 


Step 5. Obtain the mean and mean + 2a CTR 
degradation at Ip (|\/|/^X) 

^continuous lifetime 
approximation from Figure 4 or by 

calculations as shown below. 


Step 5a. Determine D~ 

D- = A„f25 + S(lps-TFsl 

Djf = 4-95t(k hr)-^® + t-IS® »(k hr) + 


t'F (MAX) “; 

^ ' 

D- = 4.95 (87.6)-33 + (.186 log 87.6 + .055) 

(2.02 mA-14.13 mA) 

D-= 10.10% for 40 yr system operation 
Step 5b. Determine D^^ ^ 2o 

Dx + 2a = + tS + 2P1 [Ips +Tfs] (28) 

Dx + 2 a = 9-7t(k hr)'^® + '2 < 063 '“S *(k hr) + OSD 
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+ (.186 log + .055)1 

D-+ 2a “ (87.6)-25 + [2 (.063 log 87.6 + .081) 

+ (.186 log 87.6 + .055)1 
X [2.02 mA - 14.13 mA] 

Di + 2a = 19-71% 

Step 6. Guardband the worst case value of CTR 
degradation. 

It is often desirable to add some additional operating 
margin over and above conditions dictated by simple worst 
case analysis. The use of engineering judgement to increase 
the worst possible CTR degradation by an additional 5% 
margin would insure that the entire distribution would fall 
within the analysis. Thus, 

'>if + 2a + 5% = 24.71% 

Step 7. Selecting (min) guardbanded worst case 
D5f + 2a + 9% ,m = 1 


( 22 ) 


IIl(MIN) ^ 


''cc2 (MAX) “ ''OL 


F(MIN)CTR(m,^) 0-^^ 100 j-ml,, 

100 **“ 


^L(MIN) ^ 


5.25 - .4 


1.4x 10‘^*500% *1 


100 ” 


/24.71%\ 

\ TOft . /-I 1 . 


6 mA 


'Il(min) ■ i-^zitn 


The range of Rj^ is from 1.32kl2 to 8.1k^2. It is desirable to 
select a pull-up resistor which optimizes both speed 
performance and additional Iq guardband. This criteria 
leads to a tradeoff between a value close to Rj^ (mIN) 
speed performance and one bordering near Rl(MAX) for 
Iq guardbanding. In this design example, the system’s 
lifetime has a higher priority than does the moderate speed 
performance demanded from the optocoupler. An Rj^ of 
3.3kr2 ± 5% is selected under this condition. 


An additional guardband of 5% was added to the worst case 
D- ^ 2a ^TR degradation guardband to insure that even a 
greater percentage of the distribution would be accounted 
for. The actual percentage difference between Iq^ (MAX) 
and Iq (min) system life is shown below: 


(30) 


'o (MIN) " 


^ 1 ’'^(MIN) 



100 


(31) 


'OL (MAX) ■ 


''cc2 (MAX) ~ I'OL 
(TYP - 5%) 


+ m 


IL' 


% Guardband = 1 


'oL (MAX) 
'O (MIN) 


X 100 


(32) 


For the example shown, the additional end of system life 
Iq guardband results from the selection of an greater 
than the Rj^ (miN) shown in Steps 9,10, and 11. 


Step 9. Iq ^lyiliyij at end of system life 


'o (MIN) 


500% • 1.4 mA ■ /l - '<9-''7%\ 
_ \ 100 / 

100 


= 5.65 mA 


step 10 . Iql (MAX) I®'"'r (MAX) + 'iL 


Step 8, Select R|^ (maX) 


(33) 


(MAX) 


1^002 (MAX) ~ ''oL 
'oh (MAX) ■'■ "’'iH 


4.75 - 2.4 

"l(MAX) < 250MA + 40MA “ 


(29) 


*OL (MAX) 


5.25 - .4 

- + 1.6 mA * 3.14 mA 

3.13ka 


Step 11. % Guardband 


3.14 mA 

o/^ = 1-100 = 44.4% (34) 

5.65 mA 
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Thus, this circuit interface design offers an additional 
44.4% Iq guardband beyond the 19.71% required to 
compensate for the CTR change caused by 86.7k hr of 
continuous operation at an Ip 2 niA. This extra 

guardband results from having chosen an Rj_^ = 3.3k rather 
than the lowest allowable value of R^ plus the engineering 
guardband chosen in Step 6. 


Example 2. 

System Specifications 


Data Rate 
Logic Family 
Power Supply 1 and 2 
Component Tolerance 
Temperature Range 
Expected System Lifetime 


250K bit NRZ 
TTL to LSTTL 
5V ± 5% 

±5% 

25*^0 

175 k hr (20 yr) at 
50% System Use Time 
and 50% Data Duty 
Factor 


Interface Conditions 


Coupler 6N136 


''OL ■ 

ypCTYP) ~ 
'^F(MIN) " 


19% @ Ip = 16 mA 
.4V 

SOO nA @ 

1.6V @ Ip = 16 mA 
1.5V @ Ip - 16 mA 
1.7V @ Ip = 16 mA 


Step 4. System Lifetime 
t = 43.8k hr 

step 5. Djf and D-+ ja 'f (MAX) mA 
by calculation or from Figure 4 


D- = 14.5% \ 

43.8k hr 

D5 + 2a = 28.5%) 

continuous lifetime 


Step 6. Engineering Guardband of 5%, 

+ = 33.5% 

Step 7. selection with guardbanding of + 2a 



(MIN) ° 3.44kn 

Step 8. 

*’l(max) “ 

Step 9. 

”l (TYP) “ ® (TYP - 5%) 


= 4.84kaRL(MAX+5%) 


= 5.35kS7 

Step 10. 

End of System Life Iq 


'O(MIN) “ l-SmA 

Step 11. 

'OL (MAX) “ 1.36 mA 


Logic LSTTL 


Step 12. Engineering % Guardband of Iq = 9*3% 


IlL 

= .36 mA 

Iql = 8 mA 

^IL 

= .8V 

Vql = -sv 

*IH 

= 40/xA 

Iqjj - 400fiA 

ViH 

= 2V 

VoH = 2.7V 


Again using Figure 7, the data rate dictates the use of 
a 6N136 at an Ip (XYP) Using the same 12 step 

worst case analysis, it is possible to determine the values of 
Rin, Rl and the degree of guardbanding of Iq at end of 
system lifetime. 

Step 1. * 18712, select 180f2 ± 5% 

”l (MIN) “ 

(MAX) “ 

Step 2. Ip (MIN) = 14.02’mA 

Steps. Ip (MAX) “ 


Example 3. 

If a particular design requirements specifies a maximur 
tolerable degradation over a system lifetime, the optimun^ 
value of If(TYP) can be obtained from Figure 12. 
For example, if a maximum acceptable degradation, 
D^ + 2a’ ^ continuous operation of 400k hr is 

desired, this curve specifies that Ip ^jyp) should be less 
than or equal to 10 mA. A 400k hr continuous operation 
with 100% system duty factor as might be encountered in 
telephone switching equipment is equivalent to 45 years of 
system lifetime. 

If a 6N139 split Darlington were used to interface an 
LSTTL logic gate with the system specifications stated, a 
collector pull-up resistor of as low as 160^2 could be used. 
If an Rj^ of Ik were selected, this optocoupler would 
offer an additional end of life guardband of 81.8%. This 
worst case analysis points out that with the knowledge of 
selecting proper values of Rj^, the CTR performance of the 
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Figure 12. Stress Current ( 1 ^ 5 ) vs. Time vs. % Degradation. 


coupler far exceeds the normal MTBF requirements for 
most commercial electronic systems. 

Consideration of the Optically Coupled Gate 

System data speed requirements in the multi-megabit range 
can also be communicated through an optocoupler. The 
first three coupler families listed in Figure 9 are not 
applicable in these very high speed data interface appli¬ 
cations; however, the optically coupled gate, 6N137, will 
function to speeds of up to 10 MHz. This type of coupler 
differs in operation from the single transistor and 
Darlington style units in that it exhibits a non-linear 
transfer relationship of Ip to Iq. This is shown in Figure 
13. The relationship is described as a minimum thres¬ 
hold of LED input current, Ipth which is required to 
cause the output transistor to sink the current supplied by 
the pull-up resistor and interconnected gate. As the LED 
degrades, the effect is that a larger value of Ip th is required 
to create the same detector photodiode current necessary 
to switch the output gate. 

In the previous interface examples, the worst case analysis 
and guardbanding is based on the output collector current, 
Iq. With the optically coupled gate, worst case guard¬ 
banding is concerned with the selection of the initial value 
of the Ip, which at end of system lifetime will generate the 
necessary threshold photocurrent demanded by the gate’s 
amplifier to change state. 




Figure 13. 6N137 Input - Output Characteristics. 
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The calculation of the required Ip to allow for worst case 
LED degradation is approached by guardbanding the 
guaranteed minimum isolator input current, Ipp^, for a 
specified Iql and Vql interface. Equation (35) shows 
the relationship of the Ip to Ip for this coupler. 


Ip a (Ip)" .where 1.1< n < 1.3 


(35) 


Using the concept that the guardbanding of the initial value 
of Ip will result in a similarly guardbanded Ip, the 
relationship presented in Equation (36) results: 


Step 2. Calculate the worst case LED degradation 


\ + 2o 


9.71 


(k hr) 


.25 


Dx + 2a * 9-7 <50.3) 


Dx.^ 2 a"' 26 % 


.25 


Step 3. Calculate the first approximation of guardbanded 
Ip, n=1.2 


FH 


5 mA 


1 -- 


“^x + Zo" 


'PH 


•fh 

n 

(36) 

*F - 

•*'^X + 2a* 

1/n .78 

100 


_ (p- 


L'f J 




100 



= 6.41 mA 


'f > 


'FH 


(37) 


1 -- - 


■'x+ 2o 
100 


The previous interface example showed that the first term 
of the ^ 2o equation dominated the magnitude of the 
worst case degradation. This term, i.e., 

(9.7 t^j^ hr) contain an Ip current dependent 

term; thus, an approximation of the worst case LED 
degradation can be made that relates to the system’s 
lifetime. This initial value of D^ ^ 2^ can be used in 
Equation (37) to calculate the initial value of the Ip. 
With this initial Ip, a more accurate degradation value 
can be calculated using Equation (28). This procedure 
results in an iterative process to zero in on a value of Ip 
that will insure reliable operation. 

The following example will illustrate this approach. 

Example 4. 


System Specifications 

Data Rate 
Logic Family 
Power Supply 1 and 2 
Component Tolerance 
Temperature Range 
Expected System Lifetime 


6 MHz NRZ 
LSTTL to TTL 
5V ± 5% 

±5% 

0 - 70°C 

203k hr (23 yr) at 50% 
System Use Time and 
50% Data Duty Factor 


Step 4. Calculate input resistor Rj 


«in < 


''ccl (MIN) “ ''f (MAX) ~ ''OL 


4.75-1.7-.4 

R <- 

.00641 


Rj„ < 41312 select'Rj^ = 39012 ±5% 


Rin (MAX) 

^in (MAX) ° 

’’in (MIN) “ ^2012 

Step 5. Calculate the Ip (|y|;yx) 


''ccl (MAX) “ ''f (MIN) ■■ ''oL 


F (MAX) 


•^in (MIN) 


5.25-1.4-.4 
370 


Step 1. Determine the continuous operation time for 
LED emitter 


Ip = 9.32 mA 


^continuous _ 

^system 

Data Duty 

System Use 

lifetime 

lifetime 

Factor 

Factor 


= [23 yr 8.76k hr/yr] [ 50 %] [50%J 

= 50.3k hr 


Step 6. Calculate the worst case D- ^ 2 a Ip (MAX) 
*^x + 2a " 25.8% + .747 (9.32 mA - 14.13 mA) 

Di + 2a = 22.2% 
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Step 7. Calculate the new minimum required Ip at end Step 11. Minimum % Emitter Degradation Guardband 
of life based on degradation found in Step 6. 


Ip 

'^(EOL) 


•fh 


5 



.81 

100 1 

jl/1.2 



’'“{MIN) ■ 


1 


‘I" (EOL) 
'f (MIN) 



( 38 ) 


Steps. Calculate Ip 


'f (MIN) 


'^ccl (MIN) “ ''f (MAX) ~ ''OL 
•^in (MAX) 


4.8% 


6.16 mA 

- 100 

6.47 mA 


where Ip (EOL) represents the switching threshold at the 
end of life. 


F (MIN) 


4.75-1.7-.4 
409 

= 6.47 mA 


'F (MIN) 

Step 9. Rl(iviin) ,m=1 


(MIN) 


''oc2 (MAX) “ ''OL 
'OL (MIN)“"’'lL 


Step 12. Maximum % Emitter Degradation Guardband 


’'“(MAX) 


1 


'F (EOL) 
'f (MAX) 


100 


(39) 


34% 


6.16 mA 

- 100 

9.32 mA 


5.25 - .6 
.016 - .0016 


^L(MIN) " 


Step 10. R 


”l (MAX) 


L (MAX) . tn - 1 

^ ''cc2 (MAX) “''oh 
'oh (MAX)‘^"’'|H 


4.75 - 2.4 

'^L(MAX) 250mA + 40mA 
”l(MAX) “ ® 


The conclusions that are to be drawn from this analysis are 
that as long as the Ip ^FS ~ 

the worst-worst case CTR degradation may be calculated 
using only the first term, of the D-^ 2(7 ^^^e. 

In the example presented, 26% degradation was determined 
from the first term, and when the more accurate calculation 
using Equation (28) was used, a 22% degradation re¬ 
sulted. The end of life Ip guardband may be calculated 
using Equations (38) and (39). Using Equation (38), 
the minimum guardband is 5.7%, and with Equation (39), 
the maximum guardband is 35%. 
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HEWLETT 

PACKARD 


APPLICATION NOTE 1003 


Interfacing 18 Segment Displays 
to Microprocessors 


INTRODUCTION 

Over the past four years, the need for alphanumeric 
displays has grown very rapidly due to the extensive use of 
microprocessors in new system designs. The HDSP-6508 
and HDSP-6300 alphanumeric displays were developed to 
provide a low cost, easy-to-use alternative to 5x7 dot 
matrix displays. These displays use an 18 segment display 
font that includes a centered decimal point and colon for 
increased readability. This font is capable of displaying 
the 64 character ASCII subset (numbers, punctuation 
symbols, and upper case alphabet) as well as many 
special purpose symbols., The HDSP-6504 and HDSP- 
6508 are 3.81 mm (0.150”) red 4 or 8 character displays in a 
dual-in-line package. The HDSP-6300 is a 3.56 mm 
(0.140”) red 8 character display in a dual-in-line package. 
The HDSP-6508 has character-to-character spacing on 
6.35 mm (0.250”) centers while the HDSP-6300 has 
character-to-character spacing on 5.08 mm (0.200”) 
centers. Paralleling the development of these alpha¬ 
numeric displays have been the introduction of several 
new display interface circuits that simplify the use of the 
18 segment display. These circuits include an ASCII to 18 
segment decoder/driver and improved NPN Darlington 
digit drivers that are designed to interface directly to 5 volt 
digital logic. This Application Note deals with several 
techniques to interface the 18 segment display to 
microprocessor systems. Depending upon the overall 
system configuration, microprocessor time available to 
dedicate to display support, and the type of information to 
be displayed, the system designer would choose the best 
interface technique to drive an 18 segment display. 

DISPLAY INTERFACE TECHNIQUES 

This application note will deal with four different 
techniques, as shown in Figure la-d, for interfacing the 
HDSP-6508 and HDSP-6300 displays to microprocessor 
systems. 

la. The REFRESH CCNTRCLLER interfaces the micro¬ 
processor system to a multiplexed LED display. The 
controller periodically interrupts the microprocessor 
and after each interrupt, the microprocessor supplies 
new display data for the next refresh cycle of the 
display. 


lb. The DECODED DATA CONTROLLER refreshes a 
multiplexed LED display independently from the 
microprocessor system. A local RAM stores decoded 
display data. This data is continuously read from the 
RAM and then used to refresh the display. Whenever 
the display message is changed, the microprocessor 
decodes each character in software and writes the 
decoded data into the local RAM. 

lc. The CODED DATA CONTROLLER also refreshes a 
multiplexed LED display independently from the 
microprocessor system. The local RAM stores ASCII 
data which is continuously read from the RAM, 
decoded, and used to refresh the display. The display 
message is changed by writing new ASCI I characters 
within the local RAM. 

l d. The DISPLAY PROCESSOR CONTROLLER uses a 
separate microprocessor to drive the LED display. 
This microprocessor provides ASCII storage, ASCII 
decode, and display refresh independently from the 
main microprocessor system. Software within the 
dedicated microprocessor provides many powerful 
features not available in the other controllers. The 
main microprocessor updates the LED display by 
sending new ASCII characters to the slave micro¬ 
processor. 

COMPARISON OF INTERFACE TECHNIQUES 

The choice of a particular interface is an important consid¬ 
eration because it affects the design of the entire micro¬ 
processor system. Each interface requires one or more 
memory or I/O addresses. These addresses are generated 
by decoding the microprocessor address bus. The display 
decoder can be located within the microprocessor 
program or as circuitry within the display interface. 
Location of the display decoder within the micro¬ 
processor program gives the designer total control of the 
display font within the program. This feature can be 
particularly important if the display will be used to display 
different languages and special graphics symbols. The 
interface technique chosen may limit or interfere with 
some programming techniques used in the rest of the 
microprocessor program. For example, the use of an 
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INTERRUPT REQUEST 


•PROGRAM + ASCII LOOKUP TABLE 
••SCRATCHPAD WITH OR 
WITHOUT DECODED 
ASCII LOOKUP TABLE 



r 


1 


— 

1 

1 


RAM^^ 

ROM^ 

1 

1 

1 

LATCH 

■ 1 
— ^ DECODER |—^ 

L__J 

SEGMENT 

DRIVERS 


^EGMENTEDJDISPLAYS 

REFRESH CONTROLLER 


j Lj 

^ DECODER 

I_ I 


3E 


ADDRESS BUS f” 


SYSTEM CLOCK 


•PROGRAMS ASCII 
LOOKUP TABLE 
••SCRATCHPAD 


_SEGMENTE^ISPLAYS 
oic^^ DAT^6f7T^Lli R ’ 





Figure la. REFRESH CONTROLLER Display Interface 


Figure 1b. DECODED DATA CONTROLLER Display Interface 


SEGMENTED DISPLAYS 



Figure 1c. CODED DATA CONTROLLER Display interface Figure Id. DISPLAY PROCESSOR CONTROLLER Display 

Interface 


interrupt may restrict the use of some programming 
techniques used in the interruptable portions of the 
microprocessor program. 

The REFRESH CONTROLLER requires continuous inter¬ 
action from the microprocessor system. Since the micro¬ 
processor actively strobes the LED display, the display 
interface circuitry is reduced. Generally, this technique 
provides the lowest hardware cost for any given display 
length. The display decoder can be located either within 
the microprocessor program or as circuitry within the 
interface. Display strobing is accomplished through use 
of the microprocessor interrupt circuitry. Demands upon 
microprocessor time are directly proportional to display 
length. 


The DECODED DATA CONTROLLER and CODED DATA 
CONTROLLER require microprocessor interaction only 
when the display message is changed. Both techniques 
employ a local RAM memory that is continuously scanned 
by the display interface electronics. For the DECODED 
DATA CONTROLLER, the display decoder is located 
within the microprocessor software and the local RAM 
stores decoded display data. The CODED DATA 
CONTROLLER includes the display decoder within the 
display interface circuitry and the local RAM stores ASCI I 
data. Since ASCII data is more compact than decoded 
display data, the CODED DATA CONTROLLER uses a 
smaller RAM than the DECODED DATA CONTROLLER. 
Both techniques allow the microprocessor to individually 
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change each display character by a memory or I/O write to 
a specific display address. These interface techniques can 
accept new data at a very high rate. 

The DISPLAY PROCESSOR CONTROLLER, like the 
previously defined CODED and DECODED DATA 
CONTROLLERS, requires microprocessor interaction 
only when the display message is changed. By using a 
dedicated microprocessor, the DISPLAY PROCESSOR 
CONTROLLER provides many additional display fea¬ 
tures. These features include multiple entry modes, a 
blinking cursor, editing commands, and a data output 
function. The software with the DISPLAY PROCESSOR 
CONTROLLER further reduces microprocessor inter¬ 
action by providing more sophisticated data entry modes 
compared to the RAM entry mode provided by the 
DECODED DATA and CODED DATA CONTROLLERS. 
The display decoder can either be designed into the 
dedicated display microprocessor or can be located 
within a separate PROM. The use of a PROM allows the 
user to provide a special character font with additional 
circuitry. The DISPLAY PROCESSOR CONTROLLER 
does not allow as high a data entry rate as either the 
DECODED DATA or CODED DATA CONTROLLERS. 

MICROPROCESSOR OPERATION 

In order to effectively utilize the Interface techniques out¬ 
lined In the following sections, an understanding of micro¬ 
processor fundamentals is required. A brief description of 
microprocessor fundamentals Is Included in the following 
section. A microprocessor system usually consists of a 
microprocessor, ROM memory, RAM memory, and a 
specific I/O interface as outline in Figure 2. The micro¬ 
processor performs the desired system function by 
executing a program stored within the ROM. The RAM 
memory provides temporary storage for the micro¬ 
processor system. The I/O Interface consists of circuitry 
that is used as an input to the system or as an output from 
the system. The microprocessor interfaces to this system 


through an address bus, data bus, and control bus. The 
address bus consists of several outputs (Ao, Ai,... An) from 
the microprocessor which collectively specify a binary 
number. This number or “address” uniquely specifies 
each word in the ROM memory, RAM memory, and I/O 
interface. The data bus serves as an input to the 
microprocessor during a memory or input read and as an 
output from the microprocessor during a memory or 
output write. The control bus provides the required timing 
and signals to the microprocessor system to distinguish a 
memory read from a memory write, and in some systems 
an I/O read from an I/O write. These control lines and the 
timing between the address bus, data bus, and control bus 
vary for different microprocessors. 

The address, data, and control buses provide the flow of 
instructions and data into the microprocesor. Program 
execution consists of a series of memory reads 
(instruction fetches) which are sometimes followed by a 
memory read or write (instruction execution). The 
microprocessor performs a memory read by outputting 
the memory address of the word to be read on the address 
bus. This address uniquely specifies a word within the 
memory system. The microprocessor also outputs a 
signal on the control bus, which Instructs the memory 
system to perform a memory read. The address selects 
one memory element, either RAM or ROM, within the 
memory system. Then, the desired word within the 
selected memory element is gated on the data bus by the 
read signal. Meanwhile, the unselected memory elements 
tristate their output lines so that only the selected memory 
element is active on the data bus. After sufficient delay, the 
microprocessor reads the word that appears on the data 
bus. Similarly, for a memory write, the microprocessor 
outputs the memory address of the word to be written on 
the address bus. After sufficient delay, the micro¬ 
processor outputs a signal on the control bus, which 
instructs the memory system to perform a memory write. 



Figure 2. Block Diagram of a Typical Microprocessor System 
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The microprocessor also outputs the desired memory 
word on the data bus. The address selects one RAM 
memory element within the memory system. The write 
signal causes the memory element to read the word on the 
data bus and store it at the desired location. After the write 
cycle has been completed, the new word will have 
replaced the previous word within the RAM memory. 
During the memory write, outputs from the unselected 
memory elements remain tristated so that only the 
microprocessor is active on the data bus. These control 
lines and the timing for the address bus, data bus, and 
control bus vary for different microprocessors. 

Some microprocessors, such as the Motorola 6800 micro¬ 
processor family, handle memory and I/O in exactly the 
same way. Memory and I/O occupy a common address 
space and are accessed by the same instructions. With 
this type of microprocessor, the hardware decoding of the 
address bus determines whether the read or write is to a 
memory or I/O element. Other microprocessors, such as 
the Intel 8080A, Intel 8085A, and the Zilog Z-80 have 
separate address spaces for memory and I/O. These 
microprocessors use different instructions for a memory 
access or an I/O access and provide signals on the control 
bus to distinguish between memory and I/O. One 
advantage of this approach is that the I/O address space 
can be made smaller to simplify device decoding. 
However, the I/O instructions that are available are usually 
not as powerful as the memory reference instructions. Of 
course, the user can always locate specific I/O devices 
within the memory address space through proper 
decoding of the address and control buses. This would 
allow these I/O devices to be accessed with memory 
reference instructions. 

The 6800 microprocessor family has a 16 line address bus, 
8 line data bus, and a control bus th^includes the signals 
VMA (Valid Memory Address), R/W (Read/Write), 

(Data Bus Enable), and clock signals (f>^ and 02. R/W 
specifies either a memor^ead or write while VMA is used 
in conjunction with R/W to specify a valid memory 
address. DBE gates the internal data bus of the 6800 to the 
external data bus. I n many applications, DBE is connected 
to 02. Additional data hold time, tH, can be achieved by 
delaying 02 to the microprocessor or by extending DBE 
beyond the falling edge of 02. TheJIming between the 
address bus, data bus, VMA, and R/W for a memory write 
is shown in Figure 3. 

For the 8080A microprocessor, the address bus consists 
of 16 lines, the data bus consists of 8 lines, and the control 
bus consists of several lines including DBIN (Data Bus In), 
WR (Write), SYNC (Synchronizing Signal), READY, and 
clock signals 0i and 02. DBIN and WR are used to specify 
a read or write operation. The 8080A microprocessor 
distinguishes memory from I/O through the use of a status 
word that precedes every machine cycle. When SYNC is 
high, the status word should be loaded into an octal latch 
on the positive edge of 0i. The outputs from the latch can 
then be decoded to specify whether the machine cycle is a 
memory write, memory read, I/O write, or I/O read. The 
Intel 8228 or 8238 System Controller provides this status 
latch and additionall y en codes the outputs of the status 
latch wi th DBIN and WR to gene rate four timing s ignals 
MEM R (Memor y Read ), MEM W (Memory Write), I/O R 
(I/O Read), and I/O W (I/O Write). However, the8228 and 
8238 do not provide the outputs of the status latch. The 
timing between the address bus, data bus, WR, and SYNC 


MEMORY WRITE BUS TIMING (DBE 

-tgYC - 


*^1 



t^(MIN) • ty^dVIlN) - t^Q(MAX) 
t2(MIN) - tgH(MIN) - tQQyy(MAX) 


From MOTOROLA SEMICONDUCTOR MC6800 Data Sheet 
(OS9471), 1978 


Figure 3. Memory Write Timing for the Motorola 6800 
Microprocessor Family. 

for both a memory write and an I/O write is shown in 
Figure 4. The 8080A also provides an input, READY, which 
allows the memory system to extend the time the address 
and data bus is valid by integral clock cycles. 

REFRESH CONTROLLERS 

Figure 5 shows a REFRESH CONTROLLER for a 16 
character 18 segment alphanumeric display. The circuit 
operates by interrupting the microprocessor at a 1600 Hz 
rate. Following each interrupt, the microprocessor 
responds by outputting a new ASCII character to the 
Texas Instruments AC5947 ASCII to 18 Segment 
Decoder/Driver and a new digit word to the 74LS174. The 
character font for the AC5947 is shown in Figure 6. The 
outputs of the 74LS174 are decoded such that digit word 
00i6 turns the leftmost display character on, digit word 
0 Fi 6 turns the rightmost display character on, and digit 
word 1 Fi 6 turns all digits off. The interface can be 
expanded to 24 characters with an additional Signetics 
NE590 driver. This change would also require modifi¬ 
cations in If peak, and the interrupt rate. 
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MEMORY AND I/O WRITE BUS TIMING 


nnnn uiirnnPRnrFQcnp 


MINIMUM TIMES (nS) 




NOTE 1: Status Word should be loaded 
into an octal latch when 
SYNC = 1 on positive edge 
of (py 

NOTE 2: Additional wait cycles can be 
inserted here. A wait cycle is 
added by forcing READY 
low prior to the falling edge 
of <p 2 during the clock cycle 
preceeding the falling edge of 
WR. 



Figure 5. 6800 or 8080A Microprocessor interface to the HDSP-6508 REFRESH CONTROLLER Utilizing the Texas Instruments 
AC5947 ASCII to 18 Segment Decoder/Driver 
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Figure 6. 18 Segment Display Font for the Texas Instruments AC5947 ASCII to 18 Segment Decoder/Driver 


A 6800 microprocessor program that interfaces to this 
REFRESH controller is shown in Figure 7. Following each 
interrupt, the program “RFRSH” is executed. The program 
uses a scratch pad register “POINT” that points to the 
location within a 16 byte ASCII message of the next ASCII 
character to be stored in the display interface. The scratch 
pad register “DIGIT” contains the next digit word to be 
loaded into the display interface. The program interfaces 
to the circuit through two memory or I/O addresses. A 
memory write to address “SEG” writes a six bit word into 
the AC5947, and a memory write to address “DIG” writes a 
five bit word into the 74LS174. To prevent undesirable 
ghosting, the digit drivers are turned off prior to loading 
the next ASCII character into the AC5947. After sufficient 


delay, the next digit is turned on. Registers “POINT” and 
“DIGIT” are then updated by the program. Following 
execution of the “RTI” instruction, execution of the main 
program is resumed. A similar program written for an 
8080A microprocessor is shown in Figure 8. The 6800 
microprocessor program shown in Figure 7 operated with 
a 1 MHz clock requires 0.11% + 0.72n% of the available 
microprocessor time to refresh the display at a 100 Hz 
refresh rate, where n is the display length. The 8080A 
microprocessor program shown in Figure 8 when 
operated with a 2 MHz clock requires 0.31% + 0.96n% of 
the available microprocessor time to refresh the display at 
a 100 Hz refresh rate, where n is the display length. For 
example, the 16 character display shown in Figure 5 


LOC OBJECT CODE_SOURCE STATEMENTS 



BF04 

SEG 

EQU 

$BF04 


BF05 


DIG 

EQU 

$BF05 

0000 

0003 


POINT 

FDB 

DATA 

0002 

00 


DIGIT 

FCB 

0 

0003 



D.4TA 

RMB 

16 

0400 




ORG 

$0400 

0400 

DE 

00 

RFRSH 

LDX 

DJ>OINT 

0402 

E6 

00 


EDA B 

X,0 

0404 

86 

IF 


EDA A 

E$IF 

0406 

B7 

BF05 


STA A 

E,DIG 

0409 

F7 

BF04 


STAB 

E,SEG 

040C 

96 

02 


EDA A 

D,DIGIT 

040E 

81 

OF 


CMP A 

1,15 

0410 

27 

OA 


BEQ 

EOOPl 

0412 

7C 

0002 


INC 

E,DIGIT 

0415 

08 



INX 


0416 

B7 

BF05 


STA A 

E,D1G 

0419 

DF 

00 


STX 

DJ’OINT 

041B 

3B 



RTI 


041C 

7F 

0002 

LOOPl 

CER 

E,DIGIT 

041F 

F6 

0001 


EDA B 

EJPOINT+1 

0422 

B7 

BF05 


STA A 

E,DIG 

0425 

CO 

OF 


SUBB 

1,15 

0427 

D7 

01 


STAB 

D^’OINT+l 

0429 

24 

03 


BCC 

EOOP2 

042B 

7A 

0000 


DEC 

EJ’OINT 

042E 

3B 


LOOP2 

RTI 




Figure 7. 6800 Microprocessor Program and Fiowchart that Interfaces to the REFRESH CONTROLLER Shown in Figure 5 
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LOC OBJECT CODE _SOURCE STATEMENTS 


001c 



SEG 

EQU 

OOlCH 

001D 



DIG 

EQU 

OOIDH 





ORG 

OEOOOH 

EOOO 

03 

EO 

POINT 

DW 

DATA 

E002 

00 


DIGIT 

DB 

OOH 

E003 

00 


DATA 

DS 

16 





ORG 

0E400H 

E400 

F5 


RFRSH 

PUSH 

PSW 

E401 

E5 



PUSH 

H 

E402 

2A 

OOEO 


LHLD 

POINT 

E405 

3E 

IF 


MVI 

A,1FH 

E407 

D3 

ID 


OUT 

DIG 

E409 

7E 



MOV 

A,M 

E40A 

D3 

1C 


OUT 

SEG 

E40C 

3A 

02E0 


LDA 

DIGIT 

E40F 

D3 

ID 


OUT 

DIG 

E411 

FE 

OF 


CPI 

15 

E413 

CA 

21E4 


JZ 

LOOPl 

E416 

3C 



INR 

A 

E417 

32 

02E0 


STA 

DIGIT 

E41A 

23 



INX 

H 

E41B 

22 

OOEO 

LOOP2 

SHLD 

POINT 

E41E 

El 



POP 

H 

E41F 

FI 



POP 

PSW 

E420 

C9 



RET 


E421 

3E 

00 

LOOPl 

MVI 

A,0 

E423 

32 

02E0 


STA 

DIGIT 

E426 

7D 



MOV 

A,L 

E427 

D6 

OF 


SUl 

15 

E429 

6F 



MOV 

L,A 

E42A 

D2 

1BE4 


JNC 

LOOP2 

E42D 

25 



DCR 

H 

E42E 

C3 

1BE4 


JMP 

LOOP2 



POINT-^POINT + 1 


RESTORE MACHINE STATUS 
FROM STACK 



POINT-*-POINT- 15 
POINT TO FIRST ASCII CHARACTER 


...I 

{LOOP2) 


Figure 8. 8080A Microprocessor Program and Fiowchart that Interfaces to the REFRESH CONTROLLER Shown in Figure 5 


requires 11.6% of the 6800 microprocessor time or 15.7% 
of the 8080A microprocessor time to refresh the display at 
a 100 Hz refresh rate. Faster versions of the 6800 and 
8080A microprocessors can reduce this microprocessor 
time by 50%. 

DECODED CONTROLLERS 

Figure 9 shows a DECODED DATA CONTROLLER 
designed for a 32 character 18 segment alphanumeric 
display. To simplify the circuitry, the display is configured 
as a 14segmentdisplay with decimal point and colon. This 
allows each display character to be specified by two 8 bit 
words. One possible display font is shown in Figure 10. 
The Motorola 6810 RAM stores 64 bytes of display data 
that are continually read and displayed. The display data 
is organized within the RAM such that addresses As, A 4 , 
A3, A 2 , and Ai specify the desired character and address 
Ao differentiates between the two words of display data for 
each character. The display data is formatted such that 
word 0 (D 7 —Do) is decoded as G 2 , Gi, F, E, D, C, B, and A; 
and word 1 (D 7 —Do) is decoded as COLON, DP, M, L, K, J, 
I, and H. The display data is coded low true such that a low 
output turns the appropriate segment on. Strobing of the 
display is accomplished with the 74LS14 oscillator and 
74LS393 counter. The counter continuously reads display 
data from the RAM and enables the appropriate digit 
driver. The time allotted to each digit is broken Into four 
segments. During the first segment of time, the display Is 
turned off and work 0 is read from the RAM and stored in 
the 74LS273 octal register. During the next three 
segments of time, word 1 is read from the RAM and the 
display is turned on. Thus, the display duty factor is (1/32) 


(3/4) or 1/42.6. For values of R and C specified, the display 
is strobed at a 130 Hz refresh rate. 

Data is entered into the RAM from the address and data 
bus of the micro proce ssor via two control lines. Chip 
Select and Write. When Chip Select goes low, the address 
generated by the counter is disabled and the micro¬ 
processor address and data bus is gat ed to the RAM. 
Then, after sufficient delay, the Write Input is pulsed, 
which stores the data within the RAM. The data entry 
timing for the 18 segment DECODED DATA CON¬ 
TROLLER is shown in Figure 11. Because of the 
requirement that the address inputs of the 68 1 0 RAM must 
be stable prior to the falling edge of Write, Chip Select 
shoul d go low for time tew prior to the falling edge of 
Write. To guarantee that the address and data i nputs of the 
RAM remain stable until after Write goes high. Chip Select 
shoul d remain low for time tcH following the rising edge of 
Write. This requirement for two separate timing signals is 
also required for the CODED DATA CONTROLLER 
shown In Figure 15. Because this interface timing is 
somewhat more difficult than the previously described 
circuits, the following methods are presented for 
interfacing to commonly used microprocessors. 

Interface to the 6800 microprocessor family is accom¬ 
plished by NANDing together VMA and some spe cified 
combin ation of high order addre ss line s to generate Chip 
Select and using <^2 to generate Write. 

For the 8080A and 8085A microprocessor families, the 
limited flexibility of the output instruction requires that the 
18 segment DECODED DATA CONTROLLER must be 
addressed as memory instead of I/O. The 8080A micro- 
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Figure 10. One Possible 16 Segment Display Font (14 Segments Plus Decimal Point and Colon) for the DECODED DATA CONTROLLER 
Shown in Figure 9. 


processor requires an external status latch to hold status 
information provided during program execution. This 
status latch function can be implemented with an octal 
regist er such as the Intel 8212 or 74LS273. A Memory 
Write signal can be generated by NORing together all 
outputs of this status latch. This signal can then be 
NANDed with some specifi ed combinati on of high order 
address lines to generate Chip S elect. The 8080A WR 
output can then be connected to Write. The Intel 8238 
System Controller, which is commonly used with the 
8080A microprocessor, prevents direct access to the 
outputs of the status latch. An example of an interfacing to 


£_system utilizing the 8238 is illustrated in Figure 9. MEM 
W from the 8238 is inverted and then NANDed with some 
specified combinatio n of high order addre ss line s to 
generate Chip Select. The 74LS113 generates Write from 
the microprocessor clock, 02 (TTL). 

Interface to the 8085A mlcroprocessor_family can be 
accomplished by inverting the l/O/M output and 
NANDing the resulting signal with the So output and some 
specified combination o f high ord er address lines to 
generate Chip Select. The WR o utput from the 
microprocessor is connected directly to Write. 


GENERAL INTERFACE 



6800 MICROPROCESSOR INTERFACE 


ADDRESS 1 

[n 

VALID ADDRESS 1 

1 


DATA 

1 

1 

1 

1 

1-'■ 

I VALID DATA 

1_ 

1 

1 

1 

1 

(CHIP SELECT) 

L 

1 

1 

-f— 

j 

Q) (WRITE) 


"L_r 



PARAMETER 

SYMBOL 

MIN. 

WRITE CYCLE 

twc 

425ns 

WRITE DELAY 

tAW 

65 ns 

CHIP ENABLE TO WRITE 

tew 

65ns 

DATA SETUP 

tow 

210ns 

DATA HOLD 

tOH 

35ns 

WRITE PULSE 

twp 

325ns 

WRITE RECOVERY 

tWR 

25n$ 

CHIP ENABLE HOLD 

tCH 

35ns 


8080A MICROPROCESSOR INTERFACE 


jnirxrLTLr 

_ I I ! 1 1 


ADDRESS 

1 1 VALIDADDRESS 





—1 


DATA 


1 VALID DATA I 

_J _1_L_ 




1 

1 

MEMW (CHIP SELECT) 
FROM 8238 

L 

i 

1 

1 

J 

(WRITE) 


1 _ 



Figure 11. Data Entry Timing for the DECODED DATA CONTROLLER Shown in Figure 9 
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LOC OBJECT CODE_SOURCE STATEMENTS 



BFOO 

DSPLY 

EQU 

SBFOO 


0600 


DECDR 

EQU 

$0600 

0000 

0006 


ASCII 

FDB 

MESSGE 

0002 

BFOO 

PADl 

FDB 

DSPLY 

0004 

0600 


PAD2 

FDB 

DECDR 

0006 



MESSGE 

RMB 

32 

0400 




ORG 

$0400 

0400 

CE 

BFOO 

LOAD 

LDX 

I,DSPLY 

0403 

DF 

02 


SIX 

D,PAD1 

0405 

CE 

0600 


LDX 

I,DECDR 

0408 

DF 

04 


STX 

D,PAD2 

040A 

DE 

00 

LOOPl 

LDX 

D,ASCII 

040C 

A6 

00 


LDA A 

X,0 

040E 

08 



INX 


040F 

DF 

00 


STX 

D, ASCII 

0411 

48 



ASL A 


0412 

97 

05 


STA A 

D4’AD2+I 

0414 

DE 

04 


LDX 

D,PAD2 

0416 

A6 

00 


LDA A 

X,0 

0418 

E6 

01 


LDAB 

X,1 

041A 

DE 

02 


LDX 

D,PAD1 

041C 

A7 

00 


STA A 

X,0 

041E 

08 



INX 


041F 

E7 

00 


STAB 

X,0 

0421 

08 



INX 


0422 

DF 

02 


STX 

DJPADl 

0424 

8C 

BF40 


CPX 

I,DSPLY+64 

0427 

26 

El 


BNE 

LOOPl 

0429 

39 



RTS 




Figure 12. 6800 Microprocessor Program and Fiowchart that Interfaces to the DECODED DATA CONTROLLER Shown in Figure 9 


The simplest interface to the Z-80 microprocessor family 
Is accomplished by addressing the 18 segment DE¬ 
CODED DATA CONTROLLER as I/O instead of memory. 
An ex ample of this interface is shown in Figure 15. The 
lORQ output is inverted and NANDed wit h some spec ified 
combination of address lin es to g enerate Chip Select. The 
74LS113 circuit generates Write from the inverted micro¬ 
processor clock <t>. 

A 6800 microprocessor program that interfaces to the 18 
segment DECODED DATA CONTROLLER is shown in 
Figure 12. This program decodes 32 ASCII characters and 
stores the resulting decoded display data within the 
display. The scratch pad register “ASCII” points to the 
location of the next ASCII character to be decoded. The 
program reads the first ASCII character, increments the 
point, “ASCII,” and then looks up two words of display 
data within the 64 character ASCII look-up table 
“DECDR.” These words of display data are then stored at 
the two addresses for the leftmost display location. 
Subsequent ASCII characters are decoded, and stored at 
the appropriate address within the display until all 32 
characters have been decoded. After the program is 
finished, the pointer “ASCII” will have been incremented 
by 32. This program requires 2.4 ms for a 1 MHz clock to 
decode and load 32 ASCII characters into the 18 segment 


DECODED DATA CONTROLLER. The corresponding 
8080A microprocessor program is shown in Figure 13. 
This program requires 1.4 ms for a 2 MHz clock to decode 
and load 32 ASCII characters Into the 18 segment 
DECODED DATA CONTROLLER. 

The 64 character ASCII font shown in Figure 10 can be 
generated using the table shown in Figure 14. This ASCII 
decoder uses two 8 bit words to represent each ASCII 
character. The format of the decoder is consistent with 
either the 6800 microprocessor program shown in Figure 
12 or the 8080A microprocessor program shown in Figure 
13. 

CODED DATA CONTROLLERS 

Figure 15 shows a CODED DATA CONTROLLER 
designed for a 32 character 18 segment alphanumeric 
display. Operation of this circuit is similar to the 
DECODED DATA CONTROLLER shown in Figure 9 
except that the Motorola 6810 RAM stores 32 six bit ASCII 
words and the Texas Instruments AC5947 decodes this 
ASCII data into 18 segment display data. The resulting 
display font is shown in Figure 6. Strobing of the display is 
accomplished by the 74LS14 oscillator and 74LS393 
counter. Because the long propagation delay through the 
AC5947 tends to cause display ghosting, the display is 
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LOC OBJECT CODE SOURCE STATEMENTS 


BFOO 



DSPLY 

EQU 

OBFOOH 





ORG 

OEOOOH 

EOOO 

02 

EO 

ASCII 

DW 

DATA 

E002 

00 


DATA 

DS 

32 





ORG 

0E4O0H 

E400 

01 

OOBF 

LOAD 

LXI 

B,DSPLY 

E403 

11 

00E5 


LXI 

D,DECDR 

E406 

2A 

OOEO 


LHLD 

ASCII 

E409 

7E 


LOOPl 

MOV 

A,M 

E40A 

23 



INX 

H 

E408 

07 



RLC 


E40C 

5F 



MOV 

E,A 

E40D 

lA 



LDAX 

D 

E40E 

02 



STAX 

B 

E40F 

13 



INX 

D 

E410 

03 



INX 

B 

E411 

lA 



LDAX 

D 

E412 

02 



STAX 

B 

E413 

03 



INX 

B 

E414 

79 



MOV 

A,C 

E415 

FE 

40 


CPI 

64 

E417 

C2 

09E4 


JNZ 

LOOPl 

E41A 

22 

OOEO 


SHLD 

ASCII 

E4ID 

C9 



RET 




Figure 13. 8080A Microprocessor Program and Fiowchart that Interfaces to the DECODED DATA CONTROLLER Shown in Figure 9 


ASCII 

SYMBOL WORD 0 

WORD 1 

ASCII 

SYMBOL 

WORD 0 

WORD 1 

20 

(SPACE) 

FF 

FF 

40 

@ 

44 

FD 

21 

I 

FF 

BD 

41 

A 

08 

FF 

22 

" 

DF 

FD 

42 

B 

70 

ED 

23 

# 

36 

ED 

43 

C 

C6 

FF 

24 

$ 

12 

ED 

44 

D 

FO 

ED 

25 

% 

IB 

D2 

45 

E 

86 

FF 

26 

& 

F2 

CA 

46 

F 

8E 

FF 

27 


FF 

FD 

47 

G 

42 

FF 

28 

( 

FF 

F3 

48 

H 

09 

FF 

29 

) 

FF 

DE 

49 

I 

F6 

ED 

2A 


3F 

CO 

4A 

J 

El 

FF 

2B 

+ 

3F 

ED 

4B 

K 

8F 

F3 

2C 


FF 

DF 

4C 

L 

C7 

FF 

2D 

- 

3F 

FF 

4D 

M 

C9 

FA 

2E 


FF 

BF 

4E 

N 

C9 

F6 

2F 

/ 

FF 

DB 

4F 

0 

CO 

FF 

30 

0 

CO 

DB 

50 

P 

OC 

FF 

31 

1 

FF 

ED 

51 

Q 

CO 

F7 

32 

2 

24 

FF 

52 

R 

OC 

F7 

33 

3 

30 

FF 

53 

S 

12 

FF 

34 

4 

19 

FF 

54 

T 

FE 

ED 

35 

5 

96 

F7 

55 

U 

Cl 

FF 

36 

6 

02 

FF 

56 

V 

CF 

DB 

37 

7 

F8 

FF 

57 

w 

C9 

D7 

38 

8 

00 

FF 

58 

X 

FF 

D2 

39 

9 

18 

FF 

59 

Y 

FF 

EA 

3A 


FF 

3F 

5A 

Z 

F6 

DB 

3B 


FF 

5F 

5B 

[ 

7F 

F3 

3C 

< 

7F 

FB 

5C 

\ 

FF 

F6 

3D 

= 

37 

FF 

5D 


BF 

DE 

3E 

> 

BF 

FE 

5E 


FF 

D7 

3F 

7 

7C 

EF 

5F 

_ 

F7 

FF 


Figure 14. 64 Character ASCII Decoder Table for the Microprocessor Programs Shown in Figures 12 and 13.18 Segment 
Display Font is Shown in Figure 10. 
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Figure 15. General interfaces to the HDSP-6508 CODED DATA CONTROLLER 
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PARAMETER 

SYMBOL 

MIN. 

WRITE CYCLE 

twc 

455ns 

WRITE DELAY 

Uw 

65n$ 

CHIP ENABLE TO WRITE 

tew 

65ns 

DATA SETUP 

tow 

215ns 

DATA HOLD 

tOH 

50ns 

WRITE PULSE 

twp 

340ns 

WRITE RECOVERY 

tWR 

40ns 

CHIP ENABLE HOLD 

tCH j 

50ns 


Figure 16. Data Entry Timing for the CODED DATA 
CONTROLLER Shown in Figure 15 

blanked momentarily after each new character is read 
from the RAM. This is accomplished by breaking the total 
time allotted for each digit into four segments. During the 
first segment, the display is turned off to allow data to 
ripple through the AC5947 and during the next three 
segments, the display is turned on. The resulting display 
duty factor is (1/32) (3/4) or 1/42.6. The display is strobed 
at a 130 Hz refresh rate. 

Data is entered into the RAM from the address an d data 
bus of th e micr oproc essor via tw o control lines Chip 
Select and Write. When Chip Select goes low, the address 
from the counter is tristated and the microprocessor 
address bus and da ta bus is gated to the RAM. Then after 
sufficient delay, the Write input is pulsed, which stores the 
data within the RAM. Data entry timing for the ISsegment 
CODED DATA CONTROLLER is shown in Figure 16. 
Since this timing is very similar to the DECODED DATA 
CONTROLLER shown in Figure 9, interface to the various 
microprocessor families is the same as described in the 
section on DECODED DATA CONTROLLERS. 

DISPLAY PROCESSOR CONTROLLERS 

The DISPLAY PROCESSOR CONTROLLER provides a 
powerful, smart interface which performs many of the 
functions normally found in a small terminal. The 
DISPLAY PROCESSOR CONTROLLER is designed 
around a slave microprocessor or custom LSI integrated 
circuit that provides display storage and multiplexing with 
a very minimum of circuit complexity. The simplest 
DISPLAY PROCESSOR CONTROLLER designed for a 16 
digit 18 segment alphanumeric display is shown in Figure 


17. This circuit is designed around the Intel 8279 
Programmable Keyboard/Display Interface. This LSI chip 
contains the circuitry necessary to interface directly to a 
microprocessor bus and provides a 16 x 8 RAM, pro¬ 
grammable scan counter, and keyboard debounce and 
control logic. While the 8279 is specifically designed for 7 
segment displays, inclusion of the Texas Instruments 
AC5947 ASCII to 18 segment decoder/driver allows the \ 
use of an 18 segment alphanumeric display. The 8279 
Keyboard/Display Controller interfaces to a micropro- 
cessor via an eig ht line bidire ctional Data Bus, co ntrol 
lines RD ( Read ), WR (Write), CS (Chip Select), Ao 
(Command/Data), RESET, IRQ (Interrupt Request), and a 
clock input, CLK. The display is scanned by outputs Ao -3 
and Bo-3 which are connected to the inputs of the AC5947, 
and outputs SLo -3 which are connected to the digit 
scanning circuitry. The 74LS122 is used to provide 
interdigit blanking to prevent display ghosting. In addition 
to display scanning, the 8279 also has the ability to scan 
many different types of encoded or decoded keyboards, 
X-Y matrix keyboards, or provide a strobed data input to 
the microprocessor. The 8279 provides for either block 
data entry, where data enters from left to right across the 
display overflowing to the leftmost display location; right 
data entry, where data enters at the righthand side of the 
display and previous data shifts toward the left; and RAM 
data entry, where a four bit field in the control word 
specifies the address at which the next data word will be 
written. The 8279 allows data written into the display to be 
read by the microprocessor, and provides commands to 
either blank or clear the display. 

The HDSP-8716/-8724/-8732/-8740 DISPLAY PROCES¬ 
SOR CONTROLLER shown in Figure 18 is designed to 
provide a flexible 18 segment display interface for displays 
up to 40 characters in length. This circuit utilizes a 
dedicated Intel 8048 single chip microprocessor to 
provide features such as a blinking cursor, display editing 
routines, multiple data entry modes, variable display 
string length, and data out. This controller is available as a 
series of printed circuit board subsystems of 16, 24, 32, 
and 40 characters in length. The user interfaces to the 
8048 microproces sor through eight Data I n inpu ts, six 
Address inputs, a Chip Select input. Reset inpu t. Blank 
input, six Data Out outputs. Data Valid output. Refresh 
output, and Clock output. The software within the 8048 
microprocessor provides four data entry modes — Left 
Entry with a blinking cursor. Right Entry, Block Entry, and 
RAM Entry. The Data Out port allows the user to read the 
ASCII data stored within the display, determine the 
configured data entry mode and display length, and locate 
the position of the cursor within the display. Since the 
Data Out port is separate from the Data In port, the 18 
segment DISPLAY PROCESSOR CONTROLLER can be 
used for text editing independent of the main micro¬ 
processor system. In Left Entry mode, the controller 
provides the Clear, Carriage Return, Backspace, Forward- 
space, Insert, and Delete editing functions; while in Right 
Entry mode, the controller provides Clear and Backspace 
editing functions. The controller can also be expanded 
Into multiple line panels. 

The 8048 microprocessor interfaces to the display via the 
Port 2 output. The output is configured to enable the 
microprocessor to send a six bit word to one o f three 
destinations as selected by P26 and P27. The PROG output 
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Figure 17. HDSP-6508 DISPLAY PROCESSOR CONTROLLER Utilizing the Intel 8279 Programmable Keyboard Display Interface 


is then used to store this word at the specified destination. 
Destinationo is the 74LS174 hex register. The outputs of 
this register are decoded by the 74LS259 addressable 
latches and Sprague ULN 2815 digit drivers. Output 3Fi6 is 
decoded to turn on the rightmost display digit while the 
address of the leftmost display digit varies from ISiefor a 
40 character display to SOie for a 16 character display. 
Destinatiom is the A C5947 18 segment decoder/driver. 
The positive edge of PROG stores a six bit ASCII code 
within the AC5947. Because destinatiom is pulsed once 
eve ry time a digit is refreshed, this output is also used as 
the Refresh output. Destination 2 is the Data Valid output 
of the Data Out port. Thus, Data Out actually consists of a 
series of six bit words that are sent to Destination 2 . Display 
refresh is accomplished by first turning off the digit drivers 
by outputting a Oie to the 74LS174. Then a new ASCII 
character is stored within the AC5947. Finally, a new digit 


word is stored within the 74LS174. The actual time that 
each digit is on varies according to the configured display 
length so as to provide a fixed 100 Hz refresh rate. 

Interfacing the DISPLAY PROCESSOR CONTROLLER 
shown in Figure 18 to microprocessor systems depends 
on the needs of the particular application. Since the 
information on the Data In and Address inputs is loaded 
into the controller through a program within the 8048 
microprocessor, the time required to read these inputs 
varies from about 100 to 700 microseconds. A latch as 
shown in the HDSP-8716/-8724/-8732/-8740 Data Sheet 
can be used as a buffer between these inputs and the data 
bus and address bus of the main microprocessor system. 
The latch provides temporary storage to avoid making the 
main microprocessor wait for the DISPLAY PROCESSOR 
CONTROLLER to accept data. 
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• CONTROLLER BOARD FOR HDSP-8716/8724/8732/8740 




Figure 18. HDSP-8716/-8724/-8732/-8740 DISPLAY PROCESSOR CONTROLLER 



DISPLAY BOARD FOR HDSP-8740 






































The 18 segment DISPLAY PROCESSOR CONTROLLER 
shown In Figure 18 can also be interfaced to the main 
microprocessor system through a Peripheral Interface 
Adapter (PIA). The Data In inputs of the controller would 
be connected to an output port of the PIA. In RAM Entry 
mode, the Address inputs of the controller would be con¬ 
nected to another output port of the PIA. The PIA provides 
a handshake back to the main microprocessor system that 
tells when the DISPLAY PROCESSOR CONTROLLER is 
ready to accept another data input word from the main 
microprocessor. This allows the microprocessor to load 
data Into the controller at the highest possible rate. A PIA 
can also be used to allow the 18 segment DISPLAY 
PROCESSOR CONTROLLER to act as a buffer between a 
keyboard and the main microprocessor. In this configur¬ 


ation, the main processor could output a prompting 
message to the user via the DISPLAY PROCESSOR 
CONTROLLER. The user could then enter data from the 
keyboard into the display utilizing the controller’s editing 
capability. Afterthe message has been entered and edited, 
the user would instruct the main microprocessor to read 
the final edited message from the Data Out port. One port 
from the PIA can be used to control the Data In inputs of 
the DISPLAY PROCESSOR CONTROLLER and another 
port of the PIA can be used to read the Data Out port. 
Figure 19 shows a 6800 microprocessor system using a 
Motorola 6821 PIA to control the DISPLAY PROCESSOR 
CONTROLLER shown in Figure 18. The PB? output of the 
PIA determines whether data is entered Into the controller 



Figure 19. 6800 Microprocessor Interface to the DISPLAY PROCESSOR CONTROLLER Shown in Figure 18 Utilizing a Motorola 6821 PIA 
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* PORT CONFIGURATION: 

*1. PORTA: 

* PA0-PA7 OUTPUTS TO DATA IN OF HDSP-87XX 

* CAl (INPUT) MODE 00 SETS FLAG NEG EDGE OF READY 

* CA2 (OUTPUT) MODE 100 CLEARED MPU READ PRA, SET 

* NEGATIVE EDGE OF READY 
*2. PORTS: 

* PB0-PB5 INPUTS DATA TO 6800 FROM DATA OUT OF HDSP 

* CB1 (INPUT) MODE 10 SETS FLAG POS EDGE OF DATA VA 

* CB2 (INPUT) MODE 000 SETS FLAG NEG EDGE OF ER KEY 

* CB2 (INPUT) MODE 001 SETS FLAG NEG EDGE OF ER KEY 

* CAUSING IRQ 

* PB7 (OUTPUT) LOW ENABLES PA0-PA7 TO MUX 

* HIGH ENABLES KEYBOARD TO MUX AND KEY 
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$8008 
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$8008 



8009 


CRA 
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40 
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MESSGE 
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A7 
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WAIT UNTIL READY 
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00 
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00 
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81 
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27 
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2A 
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LOOPl 1 
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20 
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DF 
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39 



RTS 
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7F 
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050D 
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86 
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86 
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OE 
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051B 

7F 

800A 


CLR 
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DISABLE KEYBOARD FROM MUX 

051E 

BD 

042C 


JSR 

E,LOAD 
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7D 
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TST 

E,PRB 

CLEAR CBl,CB2 

0524 

86 

80 
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L$80 

0526 
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800A 
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E,PRB 

ENABLE KEYBOARD TO MUX 
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86 
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B7 
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052E 
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SEI 
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Figure 20. 6800 Microprocessor Program and Fiowchart that Interfaces to the Circuit Shown in Figure 19 
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from the microprocessor system or from the keyboard. Subroutine “LOAD” then loads a series of eight bit words 

Control lines CAi and CA 2 are used to provide a data entry into the controller. “LOAD” continues to output words 

handshake to allow data to be loaded into the controller at until it reads an FF 16 to denote the end of the prompting 

the highest possible rate. Data is read into the main message. The instruction sequence LDA A I, $80 and STA 

microprocessor system through Port B of the PI A using A E, PRB at location 0526i6 forces PB? high to connect the 

the CBi input as a data strobe. output of the keyboard to the Data In inputs of the 

The 6800 microprocessor program shown In Figure 20 is controller. In this mode, the user can enter or edit data into 

used to operate the PIA interface described In Figure 19. DISPLAY PROCESSOR CONTROLLER. The 4B input 

The microprocessor program following “START” is used 74LS157 has been grounded to prevent the 

to initialize the 6821 PIA. Once initialized, the PIA can be keyboard from loading a control word into the DISPLAY 
used either to load data into the controller via the main PROCESSOR CONTROLLER. The instructions LDA A I, 

microprocessor, allow data to be loaded into the STA A E, CRB at location 052Bi6 enables the 

controller via the keyboard, or to read data from the Data on the keyboard to interrupt the microprocessor 

Out port into the main microprocessor. The instruction when the edited message is complete. Subroutine “READ’ 

CLR E, PRB at location 051B 16 forces PB 7 low to connect would then be used to read data into the 6800 system, 

the outputs of Port A to the Data In inputs of the controller. subroutine “READ” outputs a special control word, 



Figure 21. 8080A Microprocessor interface to the DiSPLAY PROCESSOR CONTROLLER Shown in Figure 18 Utilizing an Intel 8255 PIA 
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THIS PROGRAM IS WRITTEN IN 8080 ASSEMBLY LANGUAGE. 
THIS PROGRAM USES AN 8255 PIA TO ACCESS THE HDSP-87XX 
ALPHANUMERIC DISPLAY SYSTEM. 


PORT CONFIGURATION; 

1. PORT A (MODE 1 OUTPUT); 

PA0-PA7 OUTPUTS TO DATA IN OF HDSP-87XX 
PC7 (OBF) OUTPUT; TO CHIP SELECT 
PC6 (ACK) INPUT; TO READY 

FLAG PC7 (OBF) CLEARED BY OUTPUT; SET BY READY 

2. PORT B (MODE 1 INPUT); 

PB0-PB6 INPUTS DATA FROM DATA OUT OF HDSP-87XX 
PC2 (STB) INPUT; LOADS DATA ON POS EDGE OF DATA VALID 
FLAG PCO (INTR) CLEARED BY INPUT; SET BY DATA VALID 


3. PORTC; 

PC4 OUTPUT; LOW ENABLES PA0-PA7 TO HDSP-87XX 

HIGH ENABLES KEYBOARD TO HDSP-87XX 


oooc 



PA 

EQU 

OCH 


GOOD 



PB 
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ODH 


OOOE 
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EQU 
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3E 
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D2 
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DB 
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IN 

PB 
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H 


E4ID 

OD 



DCR 

C 


E41E 

C2 
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JNZ 
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READ LENGTH+2 WORDS 

E42I 

DB 

OE 
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IN 

PC 


E423 
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E424 

D2 
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C3 
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E444 
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E445 
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E448 
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RET 
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3E 
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START 
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, PROCEDURE TO LOAD HDSP-87XX SYSTEM 
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Figure 22. 8080A Microprocessor Program and Flowchart that Interfaces to the Circuit Shown in Figure 21 
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FFi 6, to the Data In inputs of the DISPLAY PROCESSOR 
CONTROLLER. This control word causes the controller to 
begin its data output sequence. The controller outputs a 
series of data output words that define the configured 
entry mode and display length, location of the cursor, and 
the ASCII text stored within the DISPLAY PROCESSOR 
CONTROLLER. “LOOP 1” within the program continu- 
■“ ously reads the Data Valid output and waits until the 
controller outputs the STATUS word. This STATUS word, 
the subsequent CURSOR ADDRESS word, and the string 
of ASCII characters are then stored in consecutive words 
of scratch pad memory starting at address “STATUS.” 

A similar PIA interface designed for an 8080A micro¬ 
processor system that uses an I ntel 8255A PI A is shown in 
Figure 21. This interface operates in much the same way 
as the 6821 PIA interface that was previously described. 
The PC 4 output of the PIA determines whether the Data In 
inputs of the 18 segment DISPLAY PROCESSOR 
CONTROLLER shown in Figure 18 are connected to the 
PIA or to the keyboard. Control lines PCs and PC? are 
used to provide a data entry handshake between the 
8080A microprocessor and the DISPLAY PROCESSOR 
CONTROLLER. Data is read into the 8080A micro¬ 
processor system through Port B of the PIA using PC 2 as 
the data strobe. 


The 8080A microprocessor program shown in Figure 22 is 
used to operate the PIA interface described in Figure 21. 
The microprocessor program following “START” is used 
to initialize the 8255A PIA. The instructions MVI A, 08H 
and OUT CNTRL at location E457i6 force PC 4 low to 
connect Port A of the PIA to the Data In inputs of the 
DISPLAY PROCESSOR CONTROLLER. Subroutine 
“LOAD” would then be used to load a prompting message 
into the controller. The instructions MVI A, 09H and OUT 
CNTRL at location E45Ei6 connect the keyboard to the 
Data In inputs of the controller. In this mode, the user can 
enter data into the DISPLAY PROCESSOR CON¬ 
TROLLER, or to edit an existing line. Subroutine “READ” 
would then be used to read the data from the Data Out port 
into the 8080A microprocessor system. 

Subroutine “READ” begins the data output sequence by 
outputting the special control word FFh to the Data In 
inputs of the DISPLAY PROCESSOR CONTROLLER. 
Then, the subroutine reads the series of data output words 
that are outputted by the controller and stores them in 
consecutive words of scratch pad memory starting at 
address STAT. 
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APPLICATION NOTE 1004 


Threshold Sensing For industrial 
Control Systems With the 
HCPL-3700 Interface Optocoupler 


INTRODUCTION 

The use of electronic logic circuitry in most applications 
outside of a controlled environment very quickly brings the 
design engineer into contact with the problems and hazards 
involved in interfacing between the logic function and the 
controlled function. These problems have always been par¬ 
ticularly evident in the field of industrial control where the 
electrically "noisy" environment produced by motors, 
power lines, lightning and other sources of interference may 
mask the desired signal, and in some cases even result in the 
destruction of the logic control system itself. In these situa¬ 
tions, the designer must resort to solutions which will pro¬ 
vide Isolation between the logic system and the input or 
output function Traditional methods of Isolation involve 
the use of such devices as capacitors, relays, tranformers, 
and optocouplers. Of these methods, the optocoupler pro¬ 
vides an Ideal combination of speed, dc response, high 
common mode rejection, and low input to output coupling 
capacitance. 

In the implementation of an interface from an electrically 
noisy environment Into logic systems. It Is often desirable. 
If not mandatory, to establish some current or voltage 
switching point or threshold at which the input signal is 
considered true. Since the Input, or feedback, signal In in¬ 
dustrial control systems may be ac or dc and may range 
from low, 5 volt, levels to 110 or 240 volts ac, the design of 
such a threshold switching system can become more than a 
trivial problem. This is especially true when using the opto¬ 
coupler, considering the relatively large range of current 
transfer ratio (CTR) found in most devices. 

The problem of establishing an input switching threshold is 
resolved in the design of the Hewlett-Packard HCPL-3700 
optocoupler. This device combines an ac or dc voltage and/ 
or current detection function with a high insulation voltage 
optocoupler In a single eight pin plastic dual in-line 
package. 

As shown in the block diagram of Figure 1, this device con- 


DC+INPUT Vcc 



Figure 1. Block Diagram of the HCPL-3700 

sists of a full-wave bridge rectifier and threshold detectiori 
integrated circuit, an LED, and an optically coupled 
detector integrated circuit. The detector circuit is a com¬ 
bination of a photodiode and a high current gain, split 
Darlington, amplifier. 

The Input circuit will operate from an ac or dc source and 
provide a guaranteed, temperature compensated threshold 
level with hysteresis. The device may be programmed for 
higher switching thresholds through the use of a single ex¬ 
ternal resistor. 

With threshold level detection provided prior to the optical 
isolation path and subsequent gain stage, variations in the 
current transfer ratio of the device with time or from unit 
to unit are no longer important. 

In addition to allowing ac or dc input signals, the Zener 
diodes of the bridge circuit also provide Input voltage 
clamping to protect the threshold circuitry and LED from 
over voltage/current stress conditions. The LED current is 
provided by a switched current source. 
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The HCPL-3700 optocoupler output is an open collector, 
high gain, split Darlington configuration. The output is 
compatible with TTL and CMOS logic levels. High common 
mode rejection, or transient immunity of 600V/jus, allows 
excellent isolation. Insulation capability is 3000 volts 
dc. The recommended operating temperature range is 0°C 
to 70°C. 

The HCPL-3700 meets the requirements of the industrial 
control environment for interfacing signals from ac or dc 
power equipment to logic control electronics. Isolated 
monitoring of relay contact closure or relay coil voltages, 
monitoring of limit or proximity switch operation or sensor 
signals for temperature or pressure, etc., can be accom¬ 
plished by the HCPL-3700. The HCPL-3700 may also be 
used for sensing low power line voltage (Brown Out) or loss 
of line power (Black Out). 

Device Characteristics 

The function of the HCPL-3700 can best be understood 
through a review of the input V/l function and the input to 
output transfer function. Figure 2 shows the input char¬ 
acteristics, i||y| (mA) versus Vjjyj (volts), for both the ac and 
dc cases. 

The dc input of the HCPL-3700 appears as a 1000^2 resistor 
in series with a one volt offset. If the ac pins (1,4) are left 
unconnected, the dc Input voltage can increase to 12V (two 
Zener diode voltages) before the onset of Input voltage 
clamping occurs. If the ac pins (1, 4) are connected to 
ground or to dc pins (2, 3) respectively, the dc input 
voltage will clamp at 6.0V (one Zener diode voltage). Under 
clamping conditions. It is important that the maximum 
input current limits not be exceeded. Also, to prevent ex¬ 
cessive current flow in a substrate diode, the dc input can 
not be backblased more than —0.5V. The choice of the 
input voltage clamp level is determined by the requirements 
of the system design. The advantages of clamping the input 
at a low voltage level is in limiting the magnitude of for¬ 
ward current to the LED as well as limiting the input power 



Figure 2. Typical Input Characteristics, I in vs. V|n 
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Figure 3. Typical Transfer Characteristics of the HCPL-3700 

to the device during large voltage or current transients in 
the industrial control environment. The internal limiting 
will in some cases eliminate the need for additional pro¬ 
tection components. 

The ac input appears similar to the dc input except that the 
circuit has two additional diode forward voltages. The ac 
input voltage will clamp at 6.7V (one Zener diode voltage 
plus one forward biased diode voltage), and is symmetric 
for plus or minus polarity. The ac voltage clamp level can 
not be changed with different possible dc pin connections. 

The transfer characteristic displayed in Figure 3 shows how 
the output voltage varies with input voltage, or current, 
levels. Hysteresis is provided to enhance noise Immunity, as 
well as to maintain a fast transition response (t^., t^) for 
slowly changing Input signals. 

The hysteresis of the device Is given in voltage terms as 
Vhys ” ^TH+ “ ^TH—' terms of current as l^ys “ 

I — ljH_. The optocoupler output is in the high state 
until the input voltage (current) exceeds Vj|^^(l j^^.). The 
output state will return high when the input voltage 
(current) becomes less than Vj|_|_(l j|^_). 

As Is shown in Figure 3, the HCPL-3700 has prepro¬ 
grammed ac and dc switching threshold levels. Higher Input 
switching thresholds may be programmed through the use 
of a single series input resistance as defined in Equation (1). 
In some cases. It may be desirable to split this resistance In 
half to achieve transient protection on each input lead and 
reduce the power dissipation requirement of each of the 
resistors. 

Figure 4 illustrates three typical interface situations which a 
designer may encounter In utilizing a microprocessor as a 
controller in industrial environments. 

Example 1. A dc voltage applied to the motor is moni¬ 
tored as an indication of proper speed and/ 
or load condition. 
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Figure 4. Applications of the HCPL-3700 for Interfacing AC and DC Voltages to a Microprocessor 


Example 2. A limit switch uses a 115V ac or 220V ac 
control loop to Improve noise Immunity 
and because it is a convenient high voltage 
for that purpose. 

Example 3. An HCPL-3700 is used to monitor a com¬ 
puter power line to sense a loss of line power 
condition. Use of a resistive shunt for im¬ 
provement of threshold accuracy is analyzed 
In this example. 

Also Illustrated is an application In which two HCPL-3700's 
are used to monitor a window of safe operating tempera¬ 
tures for some process parameters. This example also 
requires a rather precise control of the optocoupler 
switching threshold. An additional dedicated leased line 
system example Is also shown (Example 4). 

Example 1. DC Voltage Sensing 

The dc motor monitor function is established to provide an 
indication that the motor is operating at a minimum desired 
speed prior to the initiation of another process phase. If the 
applied voltage, \/^, is greater than 5V, it is assumed that 
the desired speed is obtained. The maximum applied 
voltage in the system is 10V, The HCPL-3700 circuit 
configuration for this dc application is shown in Figure 5. 



Figure 5. Interfacing a DC Voltage to an MPU using the 
HCPL-3700 


NOTE: See Appendix for a definition of terms and 
symbols for this and all other examples. 

The following conditions are given for the external voltage 
threshold level and input requirements of the HCPL-3700: 

External Voltage Levels — V|^ 


V+ = 5V dc (50%) 


^peak 


10V dc 
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HCPL-3700 Input Levels 


For the 5V threshold, Is calculated via the expression: 


*TH+ 


( 1 ) 


< 


''TH+ = 

3.8V 

''peak 

II 

1 

X 

1- 

> 

2.6V 

where V| 

''lCH3 ° 

12V 

the data i 

'th+ “ 

2.5mA 

For this 
voltage c 

II 

1 

X 

1- 

1.3mA 



"TH+ 

^IHC 


(Vjiyi will clamp) 


(4) 


> 


^TH+ 


^peak ^IHC3 


5V 3.8V 

> 


10V 12.0V 


5V - 3.8V 
25mA 

= 48012 (47012 ± 5%) 


Consequently, a conservative value for the maximum power 
dissipation in for the undamped input voltage condition 
ignoring the input offset voltage is given by: 


The resultant lower threshold level is formed by using the 
following expression: 

v_ = Ith_Rx + Vth_ <2) 

= (1.3mA) 470n + 2.60V 
V_ = 3.21V 

With the possible unit to unit variations in the input 
threshold levels as well as ±5% tolerance variations with R^^, 
the variation of V^. Is +12.4%, —15% and V_ varies+14%, 
-23.5%. (NOTE: With a low, external, voltage threshold 
level, V+, which is comparable In magnitude to the Vj|_|^ 
f voltage threshold level of the optocoupler (V^< 10Vj|_|^) 
{ the tolerance variations are not significantly Improved by 
the use of a 1% precision resistor for R^^. However, at a 
large external voltage threshold level compared to V-|-|^^. 
(V^ > 10 Vthe use of a precision 1% resistor for R^^ 
does reduce the variation of V^..) 


PRx = 


''peak^R^ +1 kn) 


(Undamped Input) (5) 


I \1470n^ 


PRx 


47012 

21.8mW 


If V^/Vpgg|^ < Vj|_j^/V||_|Q was true (clamped input 

voltage condition), then the formula for the maximum 
power dissipation in R^^ becomes: 


PRx 


(^peak ~ ^IHc) ^ 


(Clamped Input) 


( 6 ) 


For simultaneous selection of external upper, V^., and 
lower, V_, voltage threshold points a combination of a 
series and parallel input resistors can be used. Refer to the 
example on "ac operation with improved threshold control 
and accuracy" for detailed information. 

Calculation of the maximum power dissipation In R^^ is 
determined by knowing which of the following inequalities 
is true: 

''+ ''th+ 

->- not clamp) (3) 

''peak ''iHC 


The maximum Input current or power must be determined 
to ensure that it is within the maximum input rating of the 
HCPL-3700. For the clamped input voltage condition, 


''peak “ ''iHC 


'IN 


< I 


IN (max) 


or 


’’in " ''iHC ''in* ’’in (max) 


(7) 


Clamped 

Condition 

( 8 ) 
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Figure 6. Interfacing an AC Voltage to an MPU using the 
HCPL-3700 



Rx - EXTERNAL SERIES RESISTOR - kJ2 


For the undamped input voltage condition, the maximum 
input current, or power will not be exceeded, because 
maximum input current and power will occur only under 
clamp conditions. 


An output load resistance is not needed in this application 
because the peripheral Interface adapter, such as MC6821, 
has an internal pullup resistor connected to its input. 

Example 2. AC Operation 

As shown in Figure 6, an ac application is that of a moni¬ 
tored 115V ac limit switch. Ac sensing is commonly used 
and the HCPL-3700 conveniently provides an internal 
rectification circuit. With the HCPL-3700 interfacing to the 
P.I.A., a choice can be made not to filter the ac signal or to 
filter the ac signal at the input or output of the device. All 
three conditions will be explored. Simplicity is obtained 
with no filtering at all, but software detection techniques 
must be used. Output filtering is a standard method, but 
may present problems with slow RC rise time of the output 
waveform when TTL logic is used. Input filtering avoids the 
RC rise time problem of output filtering, but introduces an 
extra time delay at the input. 

AC Operation With No Filtering 

in this example, a V^ value of 98V is selected based on a 
criteria of 60% of Vpgg|^. Monitoring a limit switch for a 
60% level of the signal will give sufficient noise immunity 
from an open 115V ac line while allowing the HCPL-3700 
to turn on under low line voltage conditions of —15% from 
nominal values when the limit switch is closed. 


The value of R^^ for the upper threshold detection level 
without the filter capacitor, C, across the dc input, can be 
obtained from the following expression. 


v+-Vth+ 


'th+ 


Vth+ “ ® 

(ac instantaneous) 
i-j-H-i- * 2.5mA 


Figure 7. Typical External Threshold Characteristic, V± - 
vs. Rx 


98V-5.1V 

R„ -- 

^ 2.5mA 

- 37.2kr2 


(use Rj^/2 = 18.7kl2,1% resistor 
for each input lead) 


The resulting lower threshold point is 

== (1.3mA)(37.4kO) + 3.8V 

V_ = 52.4V (32% of peak Input voltage) 

Figure 7 provides a convenient, graphical choice for the ex¬ 
ternal series resistor, R^^, and a particular external threshold 
voltage V+. 

The corresponding R^^ value and output waveform of the % 
HCPL-3700 for a V^ = 98V (60% of peak) is shown In 
Figure 8. 



Figure 8. Output Waveforms of the HCPL-3700 Design in 
Figure 7 with no Filtering Applied 
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Figure 9. Determination of Off/On State Time 

To determine the time in the high state, refer to Figure 9 
and Equation (11). 


Due to symmetry of sinusoidal waveform, the high state 
time is t_ + t^ where t+ is given by; 



where arc sine is in degrees and T = period of sinusoidal 
waveform. 

In the unfiltered condition, the output waveform of Figure 
8 must be used as sensed information. Software can be 
created in which the microprocessor will examine the wave¬ 
form from the optocoupler at specific intervals to deter¬ 
mine if ac is present or absent at the input to the HCPL- 
3700. This technique eliminates the problem of filtering, 
and accompanying delays, but requires more sohpisticated 
software Implementation in the microprocessor. 

Input Filtering for AC Operation 

A convenient method by which to achieve a continuous 
output low state In the presence of the applied ac signal Is 
to filter the input dc terminals (pins 2—3) with a capaci¬ 
tance C while the ac signal is applied to the ac input (pins 
1—4) of the full wave rectifier bridge. Input filtering allows 
flexibility in using the HCPL-3700 output for direct inter¬ 
facing with TTL or CMOS devices without the slow rise 
time which would be encountered with output filtering. In 
addition, the input filter capacitor provides extra transient 
and contact bounce filtering. Because filtering Is done after 
the capacitor working voltage Is limited by the Vj|_jQ 2 
clamp voltage rating which is 6.7V peak for ac operation. 
The disadvantage of input filtering is that this technique 
introduces time delays at turn on and turn off of the opto¬ 
coupler due to initial charge/discharge of the input filter 
capacitor. 



Figure 10. Input Filtering with the HCPL-3700 

The application of ac input filtering is illustrated in Figure 
10 and Is described in the following example. The ac input 
conditions are the same as In the previous example of the 
115V ac limit switch. 


The minimum value of capacitance C to ensure proper ac 
filtering is determined by the parameters of the opto¬ 
coupler. At low ac input voltage, the capacitor must charge 
to at least V-j-|_j^ in order to turn on, but must not dis¬ 
charge to Vj^_ during the discharge cycle. A conservative 
estimate for the minimum value of C is given by the fol¬ 
lowing equations. 


Vth+-v, 


TH- 


= V. 


TH+*’ 


n-t/r 




( 12 ) 


where R|[yj is the equivalent input resistance of the HCPL- 
3700. 


t 



with Rj|vj = IkrZ, Vj|_|^. = 3.8V, Vj|_|_ = 2.6V and t = 
8.33ms for 60 Hz or t = 10ms for 50 Hz. 

^min 7.23iLtF for 60 Hz 

Cmin = 8.68iuF for 50 Hz 

To ensure proper filtering, the recommended value of C 
should be large enough such that with the tolerance varia¬ 
tion, C will always be greater than C^^j^ (C should other¬ 
wise be kept as small as possible to minimize the inherent 
delay times which are encountered with this technique). 
Since the filter capacitor affects the input impedance, a 
slightly different value of R^^ is required for the input 
filtered condition. Figure 11 shows the R^^ versus V+ 
threshold voltage for C = lOjuF, 22/xF, and 47juF. For an 
application of monitoring a 115V RMS line for 65% of 
nominal voltage condition (75V RMS), an R^^ = 26.7kl2 ± 
1% with C = 10/iF will yield the desired threshold. The 
power dissipation for R^ is determined from the clamped 
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- EXTERNAL RESISTOR - kil 


Figure 11. External Threshold Voltage versus Rx for 
Applications Using an input Filter Capacitor C (Figure 10) 

condition < Vj|^+/V|q^ 2 ) is 455mW (see 

Figure 6) which suggests Rj^/2 of 1/2 watt resistors for each 
input lead. 


selection with 115V line application would be to determine 
for a lower threshold level of 50% of nominal peak 
input voltage, only to find that the upper threshold level Is 
90% of peak input voltage. With the possible ac line voltage 
variations (+10%, —15%), It would be possible that the 
optocoupler could never reach the upper threshold point 
with an ac line that Is at —15% of nominal value. To give 
the designer more control over both threshold points, a 
combination of series resistance, R^^, and parallel resistance, 
Rp, may be used, as shown in Figure 12. 

Two equations can be written for the two external thresh¬ 
old level conditions. At the upper threshold point. 



and at the lower threshold point. 



Example 3. AC Operation with Improved Threshold 
Control and Accuracy 

Some applications may occur which require threshold level 
detection at specific upper and lower threshold points. The 
ability to independently set the upper and lower threshold 
levels will provide the designer with more flexibility to 
meet special design criteria. As illustrated in Figure 12, a 
computer power line is monitored for a power failure con¬ 
dition in order to prevent loss of memory information 
during power line failure. 

In this design, the HCPL-3700 optocoupler monitors the 
computer power line and the output of the optocoupler is 
interfaced to a TTL Schmitt trigger gate (7414). 

In the earlier ac application of the HCPL-3700 (limit switch 
example), a single external series resistor, R^^, was used to 
determine one of the threshold levels. The other threshold 
level was determined by the hysteresis of the device, and 
not the designer. A potential problem of single threshold 


Solving these equations for R^^ and Rp yield the following 
expressions: 

Vth-(V+)-Vth+<VJ 

''th+<VthJ-'th-<Vth+' (16' 

Vxh-(V+)-Vth+(VJ 

Rp --:--;-- (17) 

'th+(v_-VthJ + 'th-<Vth+-v+) 

Equations (16) and (17) are valid only If the conditions of 
Equations (18) or (19) are met. The desired external vol¬ 
tage threshold levels, V^ and V_, are established and the 
values for Vjpj+ and Ij|_j+ are found from the data sheet., 
With the Vjp|+, lj|_|+ values, the denominator of R^^, 
Equation (16) is checked to see of it is positive or negative. 
If it is positive, then the following ratios must be met: 

''th+ ''+“''th+ 'th+ 

->-and- < -- (18) 

V_ VxH_ V_-VxH_ IjH- 



Conversely, if the denominator of R^^ Equation (16) is 
negative, then the following ratios must hold: 


^+ ''TH+ 

— <-and 


V+-VTH+ 

V--Vth- 


'TH+ 

'th- 


(19) 


Consider that the computer power line is monitored for a 
50% line drop condition and a 75% line presence condition. 
The 115V 60 Hz ac line (163V peak) can vary from 85% 
(139V) to 110% (179V) of nominal value. 


Figure 12. An AC Power Line Monitor with Simultaneous 
Selection of Upper and Lower Threshold Levels and Out¬ 
put Filtering 
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Require: 


V__ = 81.5V 

(50%) - 

Turn off threshold 

V+ = 122.5 V 

(75%) - 

Turn on threshold 

Given: 



Vth+ = 5.1V 

'th+“ 

2.5mA 

VxH- “ 2.8V 

'th- = 

1.3mA 


Using the Equations (16, 17) for Rp with the condi¬ 
tions of Equations (18, 19) being met yields 


Rj^=17.4 kl2 

use 18 k^2 

5% 

Rp= ^.2k^ 

use 1.2 kl7 

5% 


To complete the Input calculations for maximum input 
current, l||yg, to the device and maximum power dissipation 
in Rj^ and Rp, a check must be made to determine If the 
Input voltage will clamp at peak applied voltage. Using 
Equations (3) and (4) to determine If a clamp or no clamp 
exists, it is found that the ratios 

0.75 -- «-- 0.76 

''peak ''|HC2 

Indicate that V||vj slightly entered clamp condition. In this 
application, the operating Input current, l||^, is given ap¬ 
proximately by 



Output Filtering 

The advantages of filtering at the output of the HCPL-3700 
are that it is a simple method to implement. The output 
waveform introduces only one additional delay time at turn 
off condition as opposed to the input filtering method 
which Introduces additional delay times at both the turn on 
and turn off conditions due to initial charge or discharge of 
the input filter capacitor. The disadvantage of output fil¬ 
tering is that the long transition time, t^., which is intro¬ 
duced by the output RC filter requires a Schmitt trigger 
logic gate to buffer the output filter circuit from the sub¬ 
sequent logic circuits to prevent logic chatter problems. The 
determination of load resistance and capacitance Is illus¬ 
trated in the following text. 

The following given values specify the interface conditions. 

HCPL-3700 
Vql = 0.4V 
Iql “ 4.2mA 
I OH “ lOOjuA max 
Voc = 5.0V ± 5% 



''|HC2 

V2 


'in (max) 


7414 


''T+(mm) = 1-5V 
''T+(max)= 20'' 


Schmitt trigger upper 
threshold level 


6.7V 6.7V 

115V--7=r- -pr 

18kl2 1.2 k^2 

Ijj^ = 2.18mA RMS < 34.3mA 


hn ” 40jLtA max 
l|L = —1.2mA max 

With the current convention shown In Figure 12, the mini¬ 
mum value of R|_ which ensures that the output transistor 
remains in saturation is: 


Power dissipation In R^^ is determined from the following 
equation. 



(min) 


''cc (max) ~ ''oL 
'OL'^'lL 


5.25V - 0.4V 

-- 1.62 kn 

4.2mA — 1.2mA 


(23) 


which yields 0.675W. With the clamp condition existing, 
the maximum power dissipation for Rp Is 18.7mW which is 
determined from 


The maximum value for Rj^ is calculated allowing for a 
guardband of 0.4V In Vj^ (max) or Vj^j = 

''T+(max) + 0-4V. 
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and substituting previous parameter values and using 
'/qH ='^CC - <'0H 'lH> f’L 


Figure 13. Output Waveforms of the HCPL-3700 


'’L(max) 


^CC (min)~^IH 
'oh “ 'iH 


(24) 

r 


4.58ms 


/ 4.8V - 0.4V \ 

"\4.8V-0.4V-0.6V/ 


31.24ms 


4.75V - 2.4V 

- = 16.8 k^2 

0.1mA + 0.04mA 


is chosen to be 165012. 


C|_ can be calculated directly, 


T 



(28) 


Cl can be determined in the following fashion. As illus¬ 
trated In Figure 8, the output of the optocoupler will be in 
the high state for a specific amount of time dependent 
upon the selected V^ levels. In this example, V^ = 122.5V 
(75%) and V_ = 81.5V (50%) and allowing for a minimum 
peak line voltage of 138V (-15%), the high state time 
(without Cl) is from Equation (11), 4.58ms. With the 
appropriate Cl value, the output waveform (solid line) 
shown in Figure 13 is filtered. 


31.24ms 
1.29 kl2 

Cl = 24.2iuF use27iLiF±10% 

or 33 mF ± 20% 

With this value of Cl, the time the network 

takes to reach Vy^ of the TTL gate is found as follows. 


The maximum ripple amplitude above Vql is chosen to be 
0.6V; that Is, Vql + ^Vql = 1 .OV. This gives a 0.5V noise 
margin before Vj^ (min) ” reached. The exponen¬ 

tial ripple waveform is caused by the Cl being charged 
through Rl and Input resistance, R|Njtl' gate. An 

expression for the allowable change in Vql can be written: 

<25) 

where r = R^^L parallel combination of 

RLandRiNjTL* 


Below Vj^ = 1.5V (min), R|Njjl 's constant and nom¬ 
inally 6 kl2. Hence: 


R'l = 




(26) 


_ (1.65 kfl) (6kn) 

1.65kn + 6kn 

R'l = 1.29 kn 


Vol + 'Voh-Vol'<i-®“’'^> = Vt+ 

Solving for t, 

/ Voh-Vql \ 

t = Tinl- ) 

\'^OH “''t+( min) / 


(29) 


(30) 


and substituting Vq^ = 4.8V, Vq|_ = 0.4V, Vj^. = 
1.5V, and r = 31.24ms yields 


t = 9.0ms 


This is the delay time that the system takes to respond to 
the ac line voltage going below the 50% (V_) threshold 
level. In essence, the response time is slightly more than a 
half cycle (8.33ms) of 60 Hz ac line with worst case line 
variation taken into account. This delay time is acceptable 
for system power line protection. In this example, a com¬ 
plete worst case analysis was not performed. A worst case 
analysis should be done to ensure proper function of the 
circuit over variations in line voltage, unit to unit device 
parameter variations, component tolerances and tempera¬ 
ture. 


Solving Equation (25) forr yields 
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Threshold Accuracy Improvement 


Solving for Ip^ yields 


In the above example on output filtering, the two external 
threshold levels were selected for turn on conditions at 
V^. = 122.5V (75%) and turn off at V_ = 81.5V (50%). The 
calculated external resistor values were = 17.4 and 
Rp = 1.2 kn. Using standard 5% resistors of 18 k^2 and 
1.2 k^2 respectively, the upper threshold voltage was 
actually 126.6V nominal. 

Examination of the worst possible combination of varia¬ 
tions of the HCPL-3700 optocoupler Vj|_j^, lj|_n., levels 
from unit to unit, and the ± 5% variations of R^^ and Rp 
can result In the V^. level changing +23% to —25% from 
design nominal. 

If higher threshold accuracy is desired, it can be accom¬ 
plished by. decreasing the value of Rp in order to allow Rp 
to dominate the Input resistance variations of the opto¬ 
coupler. Using a 1% resistor for Rp and resistance of suf¬ 
ficiently small magnitude, the V^ tolerance variations can 
be significantly improved. The following analysis will allow 
the designer to obtain nearly optimum threshold accuracy 
from unit to unit. It should be noted that the HCPL-3700 
demonstrates excellent threshold repeatability once the 
external resistors are adjusted for a particular level and unit. 
The compromise which is made for the added control on 
threshold accuracy is that more input power must be con¬ 
sumed within the Rp, R^^ resistors. 

In Figure 14, assume the circuit Is at the upper threshold 
point. At constant it is desired to maintain 1^ to 

within ± 5% variation of nominal value while allowing ± 1% 
variation in Ip^. With this requirement. Equations (31) and 
(32) can be written and solved for the magnitude of Ip^ 
which is needed to maintain the desired condition on 1^. 1^ 


is the sum of Ip^ and l-p|_|+. 


1.051+ = 1.01 lp+ + lTH+{max)) 

(31) 


' at constant Vjp|+ 

0.95 1+ = 0.99 lp+ + ’ 

(32) 


where 

'TH+<max) = ^.IlmA 
'TH+(min) = 



Figure 14. Threshold Accuracy Improvement through the 
Use of External Rx and Rp Resistors 


Ip^. = 11.2mA, 

and 


V 


TH+ 


‘P+ 

5.1V 


11.2mA 


Rp = 43312 


(33) 


(use 4530,1% resistor) 


This new value of Rp replaces the earlier Rp = 1.2 kO, and 
the circuit requires a new R^^ value to maintain the same V^ 
threshold level. 


v+-Vth+ 


where 1^ = Ip^. + I 


(34) 

= 11.2mA + 2.5mA 


122.5V-5.1V 
13.7mA 

= 8.57 kO 


(use 8.66 kO, 1% resistor) 


With the possible variation of ± 1% in Rp and R^^, as well as 
unit to unit variations in the optocoupler Vjj_|^, Ij|-j+ the 
upper threshold level V^ will vary significantly less than in 
the 5% resistor design case. The variations In V^, which is 
given by V^. = R^^ 1+ + Vj^^, where 1^ = Ip^ + are 
compared in Table 1. 

Table 1 Illustrates the possible Improvements in V^. toler¬ 
ance as Rj^ and Rp are adjusted to limit the variation of the 
external input threshold current, 1^, to the resistor network 
and optocoupler. This table Is centered at a nominal ex¬ 
ternal input threshold voltage of V^ = 122.5V. It is the 
designer's compromise to keep power consumption low, 
but threshold accuracy high. 

NOTE: The above method for selection of Rp and R^^ 

can be adapted for applications where larger 
sense currents (wet sensing) may be appro¬ 
priate. 

Example 4. Dedicated Lines for Remote Control 


In situations involving a substantial separation between the 
signal source and the receiving station, it may be desirable 
to lease a dedicated private line metallic circuit (dc path) 
for supervisory control of remote equipment. The HCPL- 
3700 can provide the interface requirements of voltage 
threshold detection and optical Isolation from the metallic 
line to the remote equipment. This greatly reduces the ex¬ 
pense of using a sophisticated modem system over a con¬ 
vention telephone line. 
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n 


■■ 




MAXIMUM TOTAL 



Rp 


4 TOLERANCE 

V. TOLERANCE 

POWER IN 


H 


H 




R^ + Rp (RMS) 

18k^2 

5% 

1.2 kn 

5% 

+17.5% 

-21.2% 

+ 23% 

- 25% 

0.69 W 

8.66 kn 

1% 

453^7 

1% 

±5% 

+12.7% 

-19.3% 

1.45 W 

4.32 kn 

1% 

2050 

1% 

±3% 

+11.2% 

-18.9% 

2.92 W 

2.15 kn 

1% 

97.50 

1% 

±2% 

+10.6% 

-18.8% 

5.89 W 


Table 1. Comparison of the V+Threshold Accuracy Improvement versus Rx and Rp and Power Dissipation for a Nominal 
V+= 122.5 V 


Figure 15 represents the application of the HCPL-3700for 
a line which is to control tank levels In a water district. 

Some comments are needed about dedicated metallic lines. 
The use of a private metallic line places restrictions upon 
the designer's signal levels. The line in this example would 
be used In the Interrupted dc mode (duration of each Inter¬ 
ruption greater than one second), the maximum allowed 
voltage between any conductor and ground is < 135 volts. 
Maximum current should be limited to 150mA if the cable 
has compensating inductive coils in it. Balanced operation 
of the line is strongly recommended to reduce possible 
cross talk Interference as well as to allow larger signal 
magnitudes to be used. Precaution also should be taken to 
protect the line and equipment. The line needs to be fused 
to ensure against equipment failure causing excessive cur¬ 
rent to flow through telephone company equipment. In 
addition, protection from damaging transients must be 
taken via spark gap arrestors and commercial transient 
suppressors. Details of private line metallic circuits can be 
founded in the American Telephone and Telegraph 
Company publication 43401, 


In this application, a 48V dc floating power source supplies 
the signal for the metallic line. The HCPL-3700 upper 
voltage threshold level is set for V^ = 36V (75%). Conse¬ 
quently, Is 


v+-Vth+ 


'TH+ 

36V - 3.8V 
2.5mA 

= 12.9 


(35) 


(use R^/2 = 6.49 kl7,1% 
resistor in each input level) 


The resulting lower voltage threshold level is 


v_ = (36) 

= 13 kn (1.3mA) + 2.6V 
V_ = 19.5V 



FLOAT SWITCH AND WATER PUMP ARE REMOTELY LOCATED WITH RESPECT TO EACH OTHER. 


Figure 15. Application of the HCPL-3700 to Private Metallic Telephone Circuits for Remote Control 
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yielding Vj^ys “ 16.5V. The average induced ac voltage 
from adjacent power lines is usually less than 10 volts (ref¬ 
erence ATT publication 43401) which would not falsely 
turn on, or off, the HCPL-3700, but could affect conven¬ 
tional optocouplers. 

Under normal operation (full reservoir), the optocoupler is 
off. When the float switch is closed (low reservoir), the 
optocoupler output (Vq^) needs Inversion, via a transistor, 
to drive the power Darlington transistor which controls a 
motor starting relay. The relay applies ac power to the 
system water pump. With Vqq = 10V, Ib 2 = 0.5mA, Ib*) = 
0.5mA. 


_ Vcc-^Vbe 

IB2 

_ 10V - 1.4V 
0.5mA 

= 17.2 


(R.| = 18kl2) 


''cc “ ''be 

iBi 

10V - 0.7V 
0.5mA 


Rl = 18.6 kO. 
(Rl = 18 kr 2 ) 


(37) 


(38) 


For this application, the ac Inputs could also be used, which 
would remove any concern about the polarity of the Input 
signal. 

General Protection Considerations for the HCPL-3700 


The HCPL-3700 optocoupler combines a unique function 
of threshold level detection and optical isolation for inter¬ 
facing sensed signals from electrically noisy, and potentially 
harmful, environments. Protection from transients which 
could damage the threshold detection circuit and LED is 
provided internally by the Zener diode bridge rectifier and 
an external series resistor. By examination of Figure 1, it Is 
seen that an Input ac voltage clamp condition will occur at 
a maximum of a Zener diode voltage plus a forward biased 
diode voltage. 

At clamp condition, the bridge diodes limit the applied 
input voltage at the device and shunt excess input current 
which could damage the threshold detection circuit or 
cause excessive stress to the LED. 


Input surge current Is 140mA for 3ms at 120 Hz pulse 
repetition rate, and the maximum input transient current is 
500mA for lOjUs at 120 Hz pulse repetition rate. The use of 
an external series resistor, provides current limiting to 
the device when a large voltage transient is present. The 
amplitude of the acceptable voltage transient Is directly 
proportional to the value of 

However, in order to protect the HCPL-3700 when the 
input voltage to the device Is clamped, the maximum Input 
current must not be exceeded. An external means by which 
to enhance transient protection can be seen in Figure 16. 

A transient R^^P formed with Cp chosen by 

the designer to provide a sufficiently low break point for 
the low pass filter to reduce high frequency transients. 
However, the break point must not be so low as to atten¬ 
uate the signal frequency. Consider the previous ac applica¬ 
tion where no filtering was used. In that application, R^^ = 
37.4 k^2, and if the bandwidth of the transient filter needs 
to be 600 Hz, then Cp Is: 


Cp 


1 

27rfRj^ 


(39) 


Cp = 0.0071)uF (use O.OOGOjuF capacitor @ 50V dc) 


Should additional protection be needed, a very effective 
external transient suppression technique is to use a com¬ 
mercial transient suppressor, such as a Transzorb ® , or 

metal oxide varistor, MOV ® , at the input to the resistor 

network prior to the optocoupler. The Transzorb ® will 
provide extremely fast transient response, clamp the input 
voltage to a definite level, and absorb the transient energy. 
Selection of a Transzorb ® is made by ensuring that the 
reverse stand off voltage is greater than the continuous 
peak operating voltage level. Transzorbs ® can be stacked 
In series or parallel for higher peak power ratings. Depend¬ 
ing upon the designer's potential transient problems, a 
solution may warrant the expense of a commercial sup¬ 
pression device. 


Thermal Considerations 


Thermal considerations which should be observed with the 
HCPL-3700 are few. The plastic 8 pin DIP package is 
designed to be operated over a temperature range of —25®C 
to 85°C. The absolute maximum ratings are established for 



The HCPL-3700 optocoupler can tolerate significant input 
current transient conditions. The maximum dc Input 
current Into or out of any lead is 50mA. The maximum 
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Figure 16. RxCp Transient Filter for the HCPL-3700 




a 70°C ambient temperature requiring slight derating to 
85°C. In general. If operation of the HCPL-3700 Is at 
ambient temperature of 70°C or less, no heat sinking Is re¬ 
quired. However, for operation between 70°C and 85°C 
ambient temperature, the maximum ratings should be de¬ 
rated per the data sheet specifications. 

Mechanical and Safety Considerations 

Mechanical Mounting Considerations 

The HCPL-3700 optocoupler is a standard 8 pin dual-in- 
line plastic package designed to interface ac or dc power 
systems to logic systems. This optocoupler can be mounted 
directly onto a printed circuit board by wave soldering. 

Electrical Safety Considerations 

Special considerations must be given for printed circuit 
board lead spacing for different safety agency requirements. 
Various standards exist with safety agencies (U.L., V.D.E., 
I.E.C., etc.) and should be checked prior to PC board lay¬ 
out. The HCPL-3700 optocoupler component is recognized 
under the Component Program of Underwriters 
Laboratories, Inc. in file number E55361. This file qualifies 
the component to specific electrical tests to 220V ac 
operation. 

The spacing required for the PC board leads depends upon 
the potential difference that would be observed on the 
board. Some standards that could pertain to equipment 
which would use the HCPL-3700 are ULI 244, Electrical 
and Electronic Measuring and Testing Equipment, ULI092, 
Process Control Equipment, and IEC348, Electronic 
Measuring Apparatus. Spacing for the worst case In an un¬ 
controlled environment with a 2000 volt-amperes maxi¬ 
mum supplying source rating must be 3.2mm (0.125 
inches) for 51 - 250 volts RMS potential difference over a 
surface (creepage distance), and 3mm (0.118 Inches) 


through air (bare wire). These separations are between any 
uninsulated live part and uninsulated live part of opposite 
polarity, or uninsulated ground part other than the en¬ 
closure or an exposed metal part. 

An uncontrolled environment Is an environment which has 
contaminants, chemical vapors, particulates or any sub¬ 
stances which would cause corrosion, decrease resistance 
between PC board traces or, in general, be an unhealthy 
environment to human beings. 

For 0 — 50 volts RMS, the spacing Is 1.6mm (0.063 inches) 
through air or over surfaces. 

Electrical Connectors 

The HCPL-3700 provides the needed isolation between a 
power signal environment and a control logic system. How¬ 
ever, there exists a physical requirement to actually inter¬ 
connect these two environments. This interconnection can 
be accomplished with barrier strips, edge card connectors, 
and PCB socket connectors which provide the electrical 
cable/field wire connection to the I/O logic system. These 
connectors provide for easy removal of the PC board for 
repair or substitution of boards in the I/O housing and are 
needed to satisfy the safety agency (U.L., V.D.E., I.E.C.) 
requirements for spacing and insulation. Connectors are 
readily available from many commercial manufacturers, 
such as Connection Inc., Buchanan, etc. The style of con¬ 
nector to choose Is dependent upon the application for 
which the PC board Is used. If possible it is wise to choose a 
style which does not mount to the PC board. This would 
enable the PC card to be removed without having to dis¬ 
connect field wires. The use of connectors which are called 
''gas tight connectors" provide for good electrical and 
mechanical reliability by reducing corrosion effects over 
time. 
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APPENDIX I. List of Parameters 


MHC1 


^IHC2 

'in 

V|N 

Vth+ 

VjH- 

'th+ 

'th- 


'p+ 

'^peak 

Vq 


Externally Applied Voltage 

External Upper Threshold Voltage Level 

External Lower Threshold Voltage Level 

Device* Input Voltage Clamp Level; Low 

Voltage DC Case 

Low Voltage AC Case 

High Voltage DC Case 

Device Input Current 

Device Input Voltage 

Device Upper Voltage Threshold Level 

Device Lower Voltage Threshold Level 

Device Upper Input Current Threshold Level 

Device Lower Input Current Threshold Level 

External Series Resistor for Selection of 

External Threshold Level 

External Parallel Resistor for Simultaneous 

Selection/Accuracy Improvement of External 

Threshold Voltage Levels 

Total Input Current at Upper Threshold Level 

to External Resistor Network (R^^, Rp) and 

Device 

Current in Rp at Upper Threshold Levels 
Peak Externally Applied Voltage 
Output Voltage of Device 


Vq|_ = Output Low Voltage of Device 

VoH = Output High Voltage of Device 

*OH ” Output High Leakage Current of Device 
*0L Output Low Sinking Current of Device 
ljl_l = Input High Current of Driven Gate 
l|L = Input Low current of Driven Gate 
Vqc ~ Positive Supply Voltage 

R|N = Input Resistance of HCPL-3700 

Vj^ = Schmitt Trigger Upper Threshold Voltage of 
TTL Gate (7414) 

R|^ = Output Pullup Resistance 

Cj^ = Output Filter Capacitance 

C = Input Filter Capacitor 

TH^ = Upper Threshold Level 

TH_ = Lower Threshold Level 

PRj^ = Power Dissipation In R^^ 

P|N “ Power Dissipation in HCPL-3700 Input 1C 
PA = Input Signal Port to P.I.A. 
t^ = Turn On Time 

t_ = Turn Off Time 

T = Period of Waveform 

Cp = Similar to Rp 

*Devlce - HCPL-3700 
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packarS APPUCATION NOTl 1005 

Operational Considerations for 
LED Lamps and Display Devices 


In the design of a display system, which incorporates LED 
lamps and display devices, the objective is to achieve an 
optimum between light output, power dissipation, re¬ 
liability, and operating life. The performance character¬ 
istics and capabilities of each LED device must be known 
and understood so that an optimum design can be 
achieved. The primary source for this information is the 
LED device data sheet. 

The data sheet typically contains Electrical/Optical Char¬ 
acteristics that list the performance of the device and 
Absolute Maximum Ratings in conjunction with char¬ 
acteristic curves and other data which describe the 
capabilities of the device. A thorough understanding of 
this information and its intended use provides the basis for 
achieving an optimum design. 

This application note presents an in-depth discussion of 
the theory and use of the electrical and optical information 
contained within a data sheet. Two designs using this 
information in the form of numerical examples are pre¬ 
sented, one for dc operation and one for pulsed (strobed) 
operation. The calculated results for each example are 
underlined and accented by an arrow (-^) for each 
identification. Specific information on operation without 
derating and the soldering of plastic LED devices is also 
presented. 

Typical Data Sheet Information 

A data sheet typically contains Absolute Maximum Rat¬ 
ings, Eiectrical/Optical Characteristics, and typical oper¬ 
ating graphs. The Absolute Maximum Ratings list such 
items as the maximum allowed forward currents, power 
dissipation, and operating ambient temperature range. 
The Electrical/Optical Characteristics list such data as the 
luminous intensity specification (ly), forward voltage (Vp), 
peak wavelength (Xpeak). dominant wavelength (Xd). and 
the device thermal resistance LED junction-to-pin on a per 
LED element basis (R0 j_pin)- 

The five graphs that are usually contained within a data 
sheet are: 

Figure 1: Pulsed Mode Operating Curves 
Figure 2: Current Derating vs. Temperature 
Figure 3: Relative Luminous Efficiency 
Figure 4: Forward Voltage Characteristic 
Figure 5: Light Output vs. DC Drive Current 


The data sheet also provides an equation to caiculate the 
expected maximum forward voltage at a given current. 

Design Criteria 

This application note assumes that the objective of a 
specific design is to achieve a maximum light output from 
a display that is operated in an elevated ambient temper¬ 
ature. The two criteria that establish the operating limits 
are the maximum drive current and the maximum LED 
junction temperature. The maximum drive current has 
been established to ensure a long operating life and the 
maximum LED junction temperature is governed by the 
device package. The data sheet will list the maximum 
aiiowed drive currents for a specific device. The absolute 
maximum aiiowed LED junction temperature (Tj MAX) 
differs for the various device package configurations. For 
most piastic display devices, Tj MAX = 100°C; for most 
plastic lamps, Tj MAX = 110°C: and for alphanumeric PC 
board monolithic displays, Tj MAX= 110°C (for some PC 
board monolithic displays, Tj MAX = 80°C). 

Thermal Resistance 

The LED junction temperature is the sum of the ambient 
temperature (T^) and the temperature rise above ambient 
(ATj), which is the product of the power dissipated within 
the junction (Pp) times the thermal resistance LED 
junction-to-ambient (R^ja)- 

Tj (°C) = Ta + ATj (1) 

Tj rC) = Ta Pp R0JA 

The cathode pins of an LED device are the primary thermal 
paths for heat dissipation from the LED junction into the 
surrounding environment. The data sheet lists the thermal 
resistance LED junction-to-pIn (R0 j-pin) for the device. 
This device junction-to-pin thermal resistance is added to 
the thermal resistance-to-ambient of the PC board 
mounting assembly (R^pc-a) ^o obtain the overall value of 
R0JA on a per LED element basis. (NOTE: For monolithic 
displays, thermal resistance is calculated on a per digit 
basis.) 

R0JA = R0J-PIN + R0PC-A (2) 

= °C/W/LED Element 
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Figure 1. Maximum Toierabie Peak Current vs. Puise Duration 



0 10 20 30 40 50 60 65 70 80 85 90 

- AMBIENT TEMPERATURE - ° C 



Figure 2. Maximum Aiiowabie DC Current per Segment vs. Figure 3. Reiative Luminous Efficiency (Luminous intensity 

Ambient Temperature. Deratings Based on Maximum per Unit Current) vs. Peak Segment Current 

Ailowed Thermai Resistance Vaiues, LED Junction-to* 

Ambient on a per Segment Basis. TjMAX«100^C 



Figure 4. Forward Current vs. Forward Voltage Characteristic Figure 5. Relative Luminous intensity vs. DC Forward Current 
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For reliable operation, it is recommended that the value of 
R0PC-A be designed low enough to ensure that the LED 
junction temperature does not exceed the maximum 
allowed value. 

Derating vs. Temperature 

The derating vs. temperature, Figure 2, is derived from the 
LED junction temperature rise above ambient as estab- 
by the maximum allowed power dissipation (Pd MAX) 
which is derated linearly to zero power when Ta = Tj MAX. 
The values of R^ja shown on Figure 2 are derived from the 
quotient of ATj and Pd MAX for a specified operating 
temperature. 

Rcf>jA (°C/W/LED) = (3) 

ATj (°C) ^ Tj MAX - Ta OPERATING 

Pd max (W) ~ Pd max 

The value of Pd MAX is the power dissipation within a 
maximum forward voltage device when driven at the 
maximum data sheet current. Thus, R0 ja is determined on 
the basis of worst case power dissipation. 

The derating curve with the largest R0ja value in Figure 2, 
normally a derating from Ta = 50® C, represents a man¬ 
datory derating for a typical application that utilizes a 
single sided PC board with 0.51mm (0.020 inch) wide 
traces, assuming that no other provision Is provided for 
heat dissipation. The other derating curves from higher 
ambient temperatures, shown as dashed lines on Figure 2, 
represent allowed increased drive currents when the 
design incorporates a more elaborate PC board mounting 
assembly to obtain a lower R0ja value for increased heat 
dissipation. The temperature deratings of Figure 2 ensure 
reliable operation for both dc and pulsed mode operation. 

Worst Case Power Calculation 

The worst case power is that power dissipated within the 
junction of a maximum forward voltage device. The worst 
case power is used for determining the worst case Tj that 
will result from a specific drive current and thermal 
resistance, see Equation 1. The expected maximum for¬ 
ward voltage (Vf MAX) at a selected drive current is 
determined by an equation on the data sheet of the form: 

VfMAX = Von (Ipeak)(LED Dynamic Resistance) (4) 

The worst case power is the product of the time average 
current under pulsed operation (dc current for dc oper¬ 
ation) times Vf MAX: 

PwORST case = (Idc)(Vf MAX); For DC Operation (5) 

PWORST case = (IPEAK) (DUTYFACTOR)(VfMAX at Ipeak); 

For Pulsed Operation 

Current Limiting 

An LED is a current operated device and some kind of 
current limiter must be incorporated as part of the drive 
circuitry. This current limiter usually takes the form of a 
resistor placed in series with the LED. The typical forward 
voltage characteristic of Figure 4 is used to calculate the 
series current limiter for each LED element. 

Rlimiter = (6) 

VCC(POWER SUPPLY) ~VSAT(DRIVE TRANSIST0RS)-VF(FIGURE 4) 

■peak current per led element 


Light Output 

The time averaged luminous intensity (Iv) at Ta = 25°C for 
a particular drive condition may be calculated using the 
relative luminous intensity characteristic of Figure 5 for dc 
operation or the relative efficiency characteristic (^Ipeak) 
of Figure 3 for pulsed operation. For dc operation, Iv (Ta = 
25°C) is equal to the product of the data sheet luminous 
intensity specification times the relative factor for a 
specific dc current from Figure 5. 

Iv DC = (7) 

(Iv DATA SHEET) (FACTOR FROM FIGURE 5) 

FOR: Ta = 25°C 

For pulsed operation, the time averaged luminous at Ta = 
25°C is calculated using the following equation: 

lvTIMEAVG= (8) 

- — -^1 I'v DATA SHEET] 

Iavg data sheet] 'peak 

Where: Iavg = The average forward current through an 
LED element 

Iavg DATA SHEET= The average current at 
which \y DATA SHEET is measured 

The luminous intensity value at Ta = 25°C is adjusted by 
the following exponential equation to obtain the light 
output value at the operating ambient temperature. 

Iv (Ta OPERATING) = Iv (25'’C)e'''''''* ' (9) 


LED 

k 

Standard Red 

-.0188/° C 

High Efficiency Red 

-.0131/°C 

Yellow 

-.0112/°C 

Green 

-,0104/°C 


Pulsed Mode vs. DC Operation 

When operating an LED device under dc drive conditions, 
the junction temperature is a linear function of the dc 
power dissipation multiplied by R0 ja. The light output is 
proportional to the dc drive current as expressed in 
Equation 7. 

The use of a 50 or 60 Hertz half or full-wave rectified ac as 
the drive current for LED devices is not recommended, 
since the rms power in a rectified sine wave is greater than 
the time averaged power of a rectangular waveform of an 
equivalent peak value. Pulsed drive conditions are based 
on the assumption that the drive current pulses are a 
rectangular waveform. If a rectified sine wave is to be 
used, in no case should the value of the peak current 
exceed the maximum allowed dc current value. 

When operating an LED device in a pulsed mode, it is the 
peak junction temperature (not the average) that governs 
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the performance of the device as to the allowed time 
average power dissipation and light output. The lower the 
peak junction temperature (Tj PEAK) is in relationship to 
the time average junction temperature (Tj AVG), the 
greater is the light output of the device. At slow refresh 
rates (the number of times per second a device is pulsed) 
in the range of 100 Hz, Tj PEAK is greater than Tj AVG. As 
the refresh rate approaches 1000 Hz, the value of Tj PEAK 
approaches the value of Tj AVG. Therefore, it is recom¬ 
mended that whenever possible LED devices be refreshed 
at a 1 KHz rate or faster, since at these faster pulse rates Tj 
PEAK is assumed to be equal to Tj AVG and the light 
output is a function of Tj AVG. 

Design Steps 

In order to determine the derated drive conditions from 
the data sheet for an elevated ambient temperature, a 
value for R0ja must be selected. Once a valuator R0ja has 
been selected, the required current derating can be 
determined for the operating ambient temperature direct¬ 
ly from Figure 2. As illustrated in the pulsed mode design 
example, the dc derating is used to determine the pulsed 
current derating. 

The four basic design steps are: 

1. Determine derated drive currents. 

2. Calculate the required value of R0 pc-a for the PC board 
mounting configuration. 

3. Calculate the value of the current limiting resistor. Use 
the nearest standard value resistor larger than the 
calculated value. 

4. Calculate the light output. 

DC Design Example 

A high efficiency red seven segment display Is to be 
operated in an ambient of Ta = 65° C. Pertinent data for this 
device are: 

Maximum DC Current per segment (Ta = 50°C) = 20mA 
Maximum Average Power Dissipation (Ta = 50°C) = 81mW 
Iv TYPICAL = 300/icd per segment at Idc = 5mA 
R0J-PIN = 282°C/W/Segment 
Vf max = 1.60V + Idc (450); for 5mA < Idc < 20mA 
Tj max = 100°C 

The data sheet curves on page 2 apply to this device. It is 
assumed that a value of R0ja = 494°C/W/Segment or less 
will be incorporated into the display system design. 

Step 1. 

The derated dc drive current is determined from Figure 2. 
At Ta = 65° C and R0ja ^ 494°C/W/Segment, 

Idc max = 17^5mA- Idc MAX 

Step 2. 

The required maximum thermal resistance for the PC 
board assembly is calculated from Equation 2: 

R0PC-A < (494-282) = 212°C/W/Segment -^- R0pc-a 

Step 3. 

A value of Vsat = 0.4 volts is assumed for the LED drive 
transistors. From Figure 4, 

Vf TYP (17.5mA) = 2.0V 


From Equation 6 and assuming Vcc = 5.0V: 

5.0V - 0.4V - 2.0V 

Rlimiter = - - - , -= 1490 - Rlimiter 

0.0175A - 

Use a 1500 standard value resistor. 

Step 4. 

From Figure 5, the normalized light at 17.5mA is a factor of 
4.4 X the light output at 5mA. 

From Equation 7: 

Iv (25°C) = (300/ucd)(4.4) = 1320 //cd/segment 
Using Equation 9 to adjust the light output forTA = 65°C: 
Iv (65°C) = (1320A/cd)ef'" °''^‘'/“^ 

Iv (65°C) = (1320)(0.592) = 782/iCd/segment <^- Iv 

Pulsed Mode Design Example 

A four digit display using the same high efficiency red 
seven segment display described in the DC Design Ex¬ 
ample is to be operated in a pulsed mode in an ambient of 
Ta = 65°C. Additional pertinent data for this device are: 

Maximum Peak Current per Segment 

(Ta = 50°C, Pulse Width = 2ms) = 60mA 
Vf max = 1.75V + IpEAK (380): for Ipeak ^ 20mA 

It is assumed that a value of R0 ja = 494°C/W/segment or 
less will be incorporated into the display system design. 

Figure 1 is used to select the refresh conditions for pulsed 
operation. These refresh conditions are junction temp¬ 
erature related to the dc current deratings of Figure 2. 
Figure 1 relates the ratio of maximum-peak current to 
temperature derated maximum dc current (Ipeak MAX/Idc 
MAX) and pulse duration (tp) as a function of refresh rate 
(f). The allowed average power dissipation decreases 
below f = 1 kHz since the difference between Tj PEAK and 
Tj AVG increases with decreasing refresh rates. This 
condition is illustrated by the dashed line shown on Figure 
1, which shows the ratio of Ipeak MAX to Idc MAX 
decreasing with slower refresh rates with the duty factor 
fixed at 1 of 4. 

Step 1. 

For best performance, a refresh rate of 1kHz will be used: 

f = 1kHz ^ --- f 

A four digit display sets the duty factor (D.F.) at one of 
four: 

D.F. = 1/4 ^--D.F. 

tp = (1/f)(D.F.) = (1/1000 Hz)(1/4) = 250//S ^-tp 

From Figure 1: 

Ipeak/Idc max = 3.3; for tp = 250fjs and f = 1kHz 
From Figure 2: 

Idc max, at Ta = 65°C and R0 ja = 494°C/W/Segment, is 
17.5mA 

Ipeak = (Ipeak MAX/Idc MAX)(Idc MAX from Figure 2) 

Ipeak = (3.3)(17.5mA) = 57.8mA per Segment s- Ipeak 

lAVG = (Ipeak)(D.F.) = (57.8mA)(1/4) = 14.5mA ^- Iavg 

These are the maximum pulsed mode drive currents for 
this design as defined by Ta = 65°C and R0ja ^494° C/W/ 
segment. 
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step 2. 

The required maximum thermal resistance for the PC 
board assembly Is calculated from Equation 2: 

R(9PC-A < (494-282) = 

212°C/W/segment - R0pc-a max 

Step 3. 

A value of Vsat = 1.2 volts is assumed for the LED drive 
transistors. From Figure 4, 

Vf TYP (57.8mA) = 2.85V 

From Equation 6 and assuming Vcc = 5.0V: 

„ 5.0V-1.2V-2.85V 

Rlimiter =- ^ ^ -Rlimiter 

0.578A = 


For this example: 

R0PC-A < (432-282) = 15O°C/W/segment ^R0PC-A MAX 

The particular LED display device used in this example 
may be operated at maximum power dissipation in an 
ambient of Ta = 65°C without derating as long as the PC 
board mounting configuration is designed to have R0pc-A 
< 150°C/W/Segment. 

CAUTION: Since these calculations are based on 
only Tj AVG and exclude the consider¬ 
ation of Tj PEAK, pulsed operation 
without derating is only recommended 
for refresh rates of 1kHz or faster. 


Use a 170 standard value resistor. 


Step 4. 

From Figure 3, the relative efficiency for Ipeak = 57.8mA is: 


’^IPEAK “ ^ 
From Equation 

lv(25«C) ^ 


5mA 

1401/icd per segment 


[1.61][300/ycd] = 


Using Equation 9 to adjust the light output for Ta = 65°C: 
lv(65°C) = (1401//cd)ef~°^^^^°^(®®-25)°C] 

Iv (65° C) = (1401)(0.592),= 829/iCd per Segments - ^Iv 

Operation Without Derating 

LED lamp and display devices may be operated in elevated 
ambient temperature environments without derating only 
when the PC board mounting configuration is designed 
for a sufficiently low thermal resistance. The critical 
criterion is that the LED junction temperature must not 
exceed the Tj MAX value for the device. This low thermal 
resistance design will typically include such items as a 
maximum metallized PC board and possible heat sinking 
to ensure adequate heat dissipation. In no situation 
should the absolute maximum current limitations be 
exceeded. 

The necessary thermal resistance requirements for oper¬ 
ation without derating are calculated using the value for 
worst case power dissipation. A numerical example using 
the LED display device from the above two examples will 
Illustrate the calculation procedure. 

Step 1. 

Determine the maximum permissible value for R0 ja. 

The absolute maximum power dissipation as listed on the 
data sheet for this particular LED device is 81 mW. The 
operating ambient temperature is to be 65°C. 

Referring to Equation 3 

r,. max - Ta operating 

R0ja max <- 

pmax data sheet 

For this example: 

RSja max < -65° C ^ 4320C/W/Segment 

.081W 

The required limit on the thermal resistance for the PC 
board mounting configuration Is derived by rewriting 
Equation 2: 


R0PC-A MAX < R0JA MAX - R0j-pin 


Soldering Plastic LED Devices 

Because plastic LED devices utilizing a lead frame con¬ 
struction have the LED dice attached directly to the 
cathode lead, the cathode lead is the direct thermal and 
mechanical stress path to the LED dice. For this reason, it 
Is necessary to carefully control the solder temperature 
and dwell time in the solder wave to ensure subsequent 
reliable operation. LED devices can be effectively wave 
soldered with a wave temperature of 245°C and a dwell 
time of iy 2 to 2 seconds. 

The post solder cleaning process is also crucial to 
ensuring reliable performance. In order to optimize device 
optical performance, specially developed plastics are 
used which restrict the solvents that may be used for 
cleaning. It is recommended that only mixtures of Freon 
(F113) and alcohol be used for vapor cleaning processes, 
with an immersion time in the vapors of less than two (2) 
minutes maximum. Some suggested vapor cleaning sol¬ 
vents are Freon TE, Genesolv DI-15 or DE-15, Arklone A 
or K. A 60° C (140°C) water cleaning process may also be 
used, which includes a neutralizer rinse (3% ammonia 
solution or equivalent), a surfactant rinse (1% detergent 
solution or equivalent), a hot water rinse and a thorough 
air dry. Room temperature cleaning may be accomplished 
with Freon T-35 or T-P35, Ethanol, Isopropanol or water 
with a mild detergent. 

Some LED devices may require special handling during 
soldering, during post solder cleaning, or may not lend 
themselves to a wave soldering process. Three specific 
considerations are: 

1. Plastic LED Lamps: The plastic encapsulant that forms 
the lamp package is the only support! ng element for the 
leads. It Is important to prevent stresses from entering 
the device package which could damage the LED die 
attach and wire bonds. The leads of a lamp may be bent 
to a desired angle by observing the following pro¬ 
cedure. Firmly grasp the leads at the base of the lamp 
package with a pair of needle nose pliers to support the 
lamp while bending the leads. Overheating during 
soldering will cause melting of the plastic, allowing 
possible lead movement to occur which may result in 
the catastrophic failure of the die attach or wire bonds. 
Care should be taken to ensure that no stresses are 
applied to the leads during the soldering process. 
External stresses applied to the leads during soldering 
could induce strains within the device package that 
may induce latent failure. Once properly soldered in 
place, an L^D lamp will typically exhibit a very high 
degree of reliability. 
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2. PC Board Monolithic Displays: Many PC board mono¬ 
lithic displays do not lend themselves to a wave 
soldering process. The plastic lens that covers the LED 
chips and wire bonds is attached to the PC board 
without forming a seal. The chemicals used in a wave 
soldering process can collect underneath the lens. The 
post solder cleaning process may not remove all of the 
trapped chemicals and prolonged exposure of the LED 
dice and wirebonds to these chemicals can cause 
permanent damage. Also, the plastic used to make 
some of the lenses is susceptible to damage from rosin 
fluxes and hydrocarbon cleaners. The two recom¬ 
mended installation procedures are either to hand 
solder flexible cable to the display contacts or use 
solderless connector pins such as the 022-002 series 


supplied by JAV Manufacturing, 125 Wilbur Place, 
Bohemia, NY 11716. Effective room temperature clean¬ 
ing may be accomplished using Freon TP-35 or TE-35, 
solvent temperature <30°Cand an immersion time<2 
minutes. 

3. Silver Lead Frames: Many plastic LED devices utilize a 
silver plated lead frame. Silver plating provides ex¬ 
cellent solderability as long as the leads are kept free 
from tarnish buildup due to coming in contact with 
sulfur compounds. Application Bulletin 3 offers speci¬ 
fic information on the effective use and soldering of 
silver lead frame devices. 

It is suggested that the device data sheet be consulted 
for specific information on wave soldering. 
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HP Components 
Franchised Distributor 
And Representative 
Directory 

March 1980 


United States 


Alabama 

Hall-Mark Electronics 
4733 Commercial Drive 
Huntsville 35805 
(205) 837-8700 

Hamilton/Avnet 
4692 Commercial Drive 
Huntsville 35805 
(205) 837-7210 

Arizona 

Hamilton/Avnet 
505 South Madison 
Tempe 85281 
(602) 894-2594 

Wyle Distribution Group 
8155 North 24th Avenue 
Phoenix 85021 
(602) 249-2232 
In Tucson (602) 884-7082 

California 

Hamilton/Avnet 
4545 Viewridge Avenue 
San Diego 92123 
(714) 279-2421 

Hamilton/Avnet 
1175 Bordeaux Drive 
Sunnyvale 94086 
(408) 743-3355 

Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
(714) 641-4120 

Hamilton Electro Sales 
10950 Washington Boulevard 
Culver City 90230 
(213) 558-2121 

Schweber Electronics 
3110 Patrick Henry Drive 
Santa Clara 95050 
(408) 496-0200 

Schweber Electronics 
17811 Gillette Avenue 
Irvine 92714 
(714) 556-3880 

Wyle Distribution Group 
124 Maryland Street 
El Segundo 90245 
(213) 322-8100 


Wyle Distribution Group 
17872 Cowan Avenue 
Irvine 92704 
(714) 641-1600 

Wyle Distribution Group 
9525 Chesapeake Drive 
San Diego 92123 
(714) 565-9171 

Wyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95052 
(408) 727-2500 

Colorado 

Hamilton/Avnet 
5921 N. Broadway 
Denver 80216 
(303) 534-1212 

Wyle Distribution Group 
6777 E. 50th Avenue 
Commerce City 80022 
(303) 287-9611 

Connecticut 

Hamilton/Avnet 
643 Danbury Road 
Georgetown 06829 
(203) 762-0361 

Schweber Electronics 
Finance Drive 
Commerce Industrial Park 
Danbury 06810 
(203) 792-3500 

Wilshire Electronics 
Village Lane 
P.O. Box 200 
Wallingford 06492 
(203) 265-3822 

Florida 

Hall-Mark Electronics 
1302 W. McNab Road 
Ft. Lauderdale 33309 
(305) 971-9280 

Hall-Mark Electronics 
7233 Lake Ellenor Drive 
Orlando 32809 
(305) 855-4020 

Hamilton/Avnet 
3197 Tech Drive No. 

St. Petersburg 33702 
(813) 576-3930 


Schweber Electronics 
2830 N. 28th Terrace 
Hollywood 33020 
(305) 927-0511 

Georgia 

Hamilton/Avnet 
6700 1-85 Suite IE 
Norcross 30071 
(404) 448-0800 

Schweber Electronics 
4126 Pleasantdale Road 
Atlanta 30340 
(404) 449-9170 

Indiana 

Pioneer-Standard 
6408 Castleplace Drive 
Indianapolis 46250 
(317) 849-7300 

Illinois 

Hall-Mark Electronics 
1177 Industrial Drive 
Bensenville 60106 
(312) 860-3800 

Hamilton/Avnet 
3901 N. 25th Avenue 
Schiller Park 60176 
(312) 678-6310 

Schweber Electronics 
1275 Brummel Avenue 
Elk Grove Village 60007 
(312) 364-3750 

Kansas 

Hall-Mark Electronics 
11870 West 91st Street 
Shawnee Mission 66214 
(913) 888-4747 

Hamilton/Avnet 
9219 Quivira Road 
Overland Park 66215 
(913) 888-8900 

Maryland 

Hall-Mark Electronics 
6655 Amberton Drive 
Baltimore 21227 
(301)796-9300 

Hamilton/Avnet 
7235 Standard Drive 
Hanover 21076 
(301) 796-5000 


Schweber Electronics 
9218 Gaither Road 
Gaithersburg 20760 
(301) 840-5900 

Wilshire Electronics 
1037 Taft Street 
Rockville 20850 
(301) 340-7900 

Massachusetts 

Hamilton/Avnet 
50 Tower Office Park 
Woburn 01801 
(617) 273-7500 

Schweber Electronics 
25 Wiggins Avenue 
Bedford 01730 
(617) 890-8484 

Wilshire Electronics 
One Wilshire Road 
Burlington 01803 
(617) 272-8200 

Michigan 

Hamilton/Avnet 

32487 Schoolcraft Road .r 

Livonia 48150 i 

(313) 522-4700 

Schweber Electronics 
33540 Schoolcraft Road 
Livonia 48150 

(313) 583-9242 

Minnesota 

Hall-Mark Electronics 
9201 Penn Avenue, So. 

Suite 10 

Bloomington 55431 
(612) 884-9056 

Hamilton/Avnet 
7449 Cahill Road 
Edina 55435 
(612) 941-3801 

Schweber Electronics 
7402 Washington Avenue, So. 

Eden Prairie 55343 
(612) 941-5280 

Missouri 

Hall-Mark Electronics 
13789 Rider Trail 
Earth City 63045 

(314) 291-5350 
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Hamilton/Avnet 
396 Brookes Lane 
Hazelwood 63042 

(314) 731-1144 

New Jersey 

Hamilton/Avnet 
1 Keystone Avenue 
Cherryhill 08003 
(609) 424-0100 

Hamilton/Avnet 
10 Industrial Road 
Fairfield 07006 
(201) 575-3390 

Schweber Electronics 
18 Madison Road 
Fairfield 07006 
(201) 227-7880 

Wilshire Electronics 
1111 Paulison Avenue 
Clifton 07015 
(201) 340-1900 

Wilshire Electronics 
102 Gaither Drive 
Mt. Laurel 08057 
(609) 234-9100 

New Mexico 

Hamilton/Avnet 
2524 Baylor S.E. 
Albuquerque 87106 
(505) 765-1500 

New York 

Hamilton/Avnet 
16 Corporate Circle 
East Syracuse 13057 

(315) 437-2641 

Hamilton/Avnet 
5 Hub Drive 
Melville 11746 
(516) 454-6000 

Hamilton/Avnet 
167 Clay Road 
Rochester 14623 
(716) 442-7820 

f Schweber Electronics 

I 2 Townline Circle 

Rochester 14623 
(716) 424-2222 


Schweber Electronics 
Jericho Turnpike 
Westbury 11590 
(516) 334-7474 

Wilshire Electronics 
10 Hooper Road 
Endwell 13760 
(607) 754-1570 

Wilshire Electronics 
110 Parkway So. Drive 
Hauppauge, L.l. 11787 
(516) 543-5599 

Wilshire Electronics 
1260 Scottsville Road 
Rochester 14624 
(716) 235-7620 

North Carolina 

Hall-Mark Electronics 
1208 Front Street, Bldg. K 
Raleigh 27609 
(919) 832-4465 

Hamilton/Avnet 
2803 Industrial Drive 
Raleigh 27609 
(919) 829-8030 

Ohio 

Hall-Mark Electronics 
6969 Worthington-Galeha Road 
Worthington 43085 
(614) 846-1882 

Pioneer-Standard 
4800 East 131st Street 
Cleveland 44105 
(216) 587-3600 

Pioneer-Standard 
1900 Troy Street 
Dayton 45404 
(513) 236-9900 

Schweber Electronics 
23880 Commerce Park Road 
Beach wood 44112 
(216) 464-2970 

Oklahoma 

Hall-Mark Electronics 
5460 South 103rd E. Avenue 
Tulsa 74145 
(918) 835-8458 


Oregon 

Representative 
Northwest Marketing 
Associates, Inc. 

9999 S.W. Wilshire Street 
Suite 211 
Portland 97225 
(503) 297-2581 
(206) 455-5846 

Pennsylvania 

Hall-Mark Electronics 
458 Pike Road 
Huntingdon Valley 19001 
(215) 355-7300 

Pioneer-Standard 
560 Alpha Drive 
Pittsburgh 15238 
(412) 782-2300 

Schweber Electronics 
101 Rock Road 
Horsham 19044 
(609) 964-4496 
(215) 441-0600 

Texas 

Hall-Mark Electronics 
10109 McKalla Road 
Suite F 
Austin 78758 
(512) 837-2814 

Hall-Mark Electronics 
11333 Pagemill Drive 
Dallas 75222 
(214) 234-7400 

Hall-Mark Electronics 
8000 Westglen 
P.O. Box 42190 
Houston 77042 
(713) 781-6100 

Hamilton/Avnet 
10508 A. Boyer Boulevard 
Austin 78757 
(512) 837-8911 

Hamilton/Avnet 
4445 Sigma Road 
Dallas 72540 
(214) 661-8661 


Hamilton/Avnet 
3939 Ann Arbor 
Houston 77063 
(713) 780-1771 

Schweber Electronics 
14177 Proton Road 
Dallas 75240 
(214) 661-5010 

Schweber Electronics 
7420 Harwin Drive 
Houston 77036 
(713) 784-3600 

Utah 

Hamilton/Avnet 
1585 West 2100 South 
Salt Lake City 84119 
(801) 972-2800 

Washington 

Hamilton/Avnet 
14212 N.E. 21st Street 
Bellevue 98005 
(206) 746-8750 

Wyle Distribution Group 
1750 132nd Avenue, N.E. 
Bellevue 98005 
(206) 453-8300 

Representative 
Northwest Marketing 
Associates, Inc. 

12835 Bellevue-Redmond Road 
Suite 203E 
Bellevue 98005 
(206) 455-5846 

Wisconsin 

Hall-Mark Electronics 
9625 South 20th Street 
Oakcreek 53154 
(414) 761-3000 

Hamilton/Avnet 
2975 Moorland Road 
New Berlin 53151 
(414) 784-4510 
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International 


Australia 

CEMA ELECTRONICS PTY. LTD. 
170 Sturt Street 
Adelaide, S.A. 

(61) 8 516483 

CEMA ELECTRONICS PTY. LTD. 
208 Whitehorse Road 
Blackburn, Victoria 
(61) 3 8775311 

CEMA ELECTRONICS PTY. LTD. 
22 Ross Street 
Newstead, Queensland 
(61) 72 524261 

CEMA ELECTRONICS PTY. LTD. 
21 Chandos Street 
St. Leonards, N.S.W. 2065 
(61) 2 4394655 

Austria 

Transistor V.m.b.H. 

Auhofstr. 41a 
1130 Wien 
(43)222 829451 

Belgium 

Diode Belgium 
Rue Picard 202 
1020 Bruxelles 
(32)2 4285108 

Brazil 

Datatronix Electronica LTDA 
Av. Pacaembu, 746-C11 
Sao Paulo, Brazil 
(55) 11 8260111 

Canada 

Hamilton/Avnet 
3688 Nashua Drive 
Units G & H 

Mississauga, Ontario L4V 1M5 
(416) 677-7432 

Hamilton/Avnet 
2670 Sabourin Street 
St. Laurent 

Montreal, Quebec H4S 1M2 
(514) 331-6443 

Hamilton/Avnet 
1735 Courtwood Crescent 
Ottawa, Ontario K2C 3J2 
(613) 226-1700 

Zentronics, Ltd. 

1355 Meyerside Drive 
Mississauga, Ontario L5T 1C9 
(416) 676-9000 

Zentronics, Ltd. 

5010 Pare Street 
Montreal, Quebec H4P 1P3 
(514) 735-5361 

Zentronics, Ltd. 

141 Catherine Street 
Ottawa, Ontario K2P 1C3 
(613) 238-6411 


Representatives 
Cantec Reps, Inc. 

28 Eastmoor Cresent 
Dollard Des Ormeaux 
Montreal, Quebec H9G 2N1 
(514) 620-6313 

Cantec Reps, Inc. 

83 Galaxy Boulevard 
Unit 1A 

Toronto (Rexdale) 

Ontario M9W 5X6 
(416) 675-2460 

Cantec Reps, Inc. 

1573 Laperriere Avenue 
Ottawa, Ontario K1Z 7T3 
(613) 725-3704 

Denmark 

Distributoeren 
Interelko A.P.S. 
Hovedgaden 16 
4622 Havdrup 
(45)3 385716 

Finland 

Field OY 

Veneentekijantie 18 
00210 Helsinki 21 
(90) 6922577 

France 

Almex 

Zone Industrielle d’Antony 
48, rue de I’Aubepine 
92160 Antony 
(33) 1 6662112 

ETS. F. Feutrier 
rue des trois Glorieuses 
42270 St-Priest-en-Jarez 
St. Etienne 
(33) 77 746733 

F. Feutrier 

29 rue Ledru Rollin 
92150 Suresnes 
(33) 1 7724646 

S.C.A.I.B. 

80 rue d’Arcueil 
Zone-Silic 
94150 Rungis 
(33) 1 6872313 

Germany 

EBV Elektronik 
Vertriebs GmbH 
Oberweg 6 
8025 Unterhaching 
(49) 89 611051 

Ingenieurbuero Dreyer 
Flensburger Strasse 3 
2380 Schleswig 
(49) 4621 23121 

Jermyn GmbH 
Postfach 1180 
6277 Camberg 
(49) 6434/23-1 


RTG E. Springorum Kg 
GmbH & Co. 

Bronnerstrasse 7 
4600 Dortmund 
(49) 231 54951 

RTG Distron 
Behaimstr. 3 
Postfach 100208 
1000 Berlin 10 
(49) 30 3421041/45 

Holland 

Diode B.V. 

Hollant Laan 22 
3526 Am Utrecht 
(31) 30 88 4214 

India 

Blue Star Ltd. 

Blue Star House 
11/11A Magarath Road 
Bangalore 
560 025 

Blue Star Ltd. 

Sahas 

414/2 Viv Savarkar Marg 
Prabhadevi 
Bombay 400 025 
45 78 87 

Blue Star Ltd. 

Bhandari House 
7th and 8th Floor 
91 Nehru Place 
New Delhi 110 024 

634 770 

635 166 

Israel 

Electronics and Engineering 
Div. of Motorola Israel Ltd. 
16 Kremenetski Street 
P.O. Box 25016 
Tel Aviv 67899 
(97)23 338973 

Italy 

Celdis Italiana S.p.A. 

Via F. Hi Gracchi, 36 
20092 Cinisello B. 

(39) 2 6120041 

Eledra S.p.A. 

Viale Elvezia 18 
20125 Milano 
(39) 3493041 

Japan 

Ryoyo Electric Corporation 
Meishin Building 
1-20-19 Nishiki 
Naka-Ku, Nagoya, 460 
(81) 52 2030277 

Ryoyo Electric Corporation 
Taiyo Shoji Building 
4-6 Nakanoshima 
Kita-Ku, Osaka, 530 
(81)6 4481631 


Ryoyo Electric Corporation 
Konwa Building 
12-22 Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 
(81)3 5437711 

New Zealand 

CEMA ELEKON LTD. 

7-9 Kirk Street 
Grey Lynn, Auckland 
(64) 4 761169 

Norway 

Ola Tandberg Elektro A/S 
Skedsmogt. 25 
Oslo 6 

(47) 2 197030 

Spain 

Diode Espana 
Avda de Brasil 7 
Edit. Iberia Mart 
Madrid 20 
(34) 1 4550139/40 
So. Africa 

Fairmont Electronics (Pty.) Ltd. 

P.O. Box 41102 

Craighall 2024 

Transvaal 

(27) 11 7891230 

Sweden 

Distributoeren 
Interelko A.B. 

Box 32 

122 21 Enskede 
(46) 8 132160 

Switzerland 

Baerlocher AG 
Forriibuckstrasse 110 
8021 Zurich 
(41) 1 429900 

United Kingdom 

Celdis Ltd. 

37-39 Loverock Road 
Reading 

Berkshire RG3 1 ED 
(44)734 585171 

Jermyn-Mogul Distribution 
Vestry Estate 
Seven Oaks 
Kent TN14 5EU 
(44)732 500144 

Macro Marketing Ltd. 

396 Bath Road 

Cippheham 

Slough 

Berkshire SL1 6JD 
(44) 6286 4422 


474 



Sales/Service Offices 

Arranged alphabetically by country 


ANGOLA 

Telectra 

Empress T6cnica de 
Equipamenlos 
Elfictricos, S.A.R.L. 

R. Barbosa Rodrigues, 
41-I“DT.“ 

Caixa Postal, 6487 
Luanda 
Tel: 35515/6 
ARGENTINA 

Hewlett-Packard Argentina S.A. 
Santa Fe 2035, Martinez 
6140 Buanot Aires 
Tel: 792-1239, 798-6086 
Telex: 122443 AR CIGY 
Biotron S.A.C.I.y M. 

Avda. Paseo Colon 221 
9 piso 

1399 Buenos Aires 
Tel: 30-4846/1851/8384 
34-9356/0460/4551 
Telex: (33) 17595 BIO AR 

AUSTRALIA 
AUSTRALIA CAPITAL 
TERR. 

Hewlett-Packard Australia Pty. 
Ltd. 

121 Wollongong Street 
Fyshwick, 2609 
Tel: 804244 
Telex: 62650 
NEW SOUTH WALES 
Hewlett-Packard Australia Pty. 
Ltd. 

31 Bridge Street 
Pymble, 2073 
Tel: 4496566 
Telex: 21561 
QUEENSLAND 
Hewlett Packard Australia Pty. 
Ltd. 

5th Floor 

Teachers Union Building 
495-499 Boundary Street 
Spring Hill, 4000 
Tel: 2291544 
SOUTH AUSTRALIA 
Hewlett-Packard Australia Pty. 
Ltd. 

153 Greenhill Road 
Parkside, 5063 
Tel: 2725911 
Telex: 82536 

VICTORIA 

Hewlett-Packard Australia Pty. 
Ltd. 

31-41 Joseph Street 
Blackburn, 3130 
Tel: 89-6351 
Telex: 31024 MELB 
WESTERN AUSTRALIA 
Hewlett-Packard Australia Pty. 
Ltd. 

141 Stirling Highway 
Nadlands, 6009 
Tel: 3865455 
Telex: 93859 

AUSTRIA 

Hewlett-Packard Ges.m.b.H. 

Wehlistrasse 29 

P.O. Box 7 

A-1205 Vlanna 

Tel: 35-16-21-0 

Telex: 13582/135066 

Hewlett-Packard Ges.m.b.H. 

Wehlistrasse, 29 

A-1205 Wlan 

Tel: 35-16-21 

Telex: 135066 


BAHRAIN 

Medical Only 
Wael Pharmacy 
P.O. Box 648 

Bahrain 

Tel: 54886, 56123 
Telex: 8550 WAEL GJ 
Al Hamidiya Trading and 
Contracting 
P.O. Box 20074 
Manama 

Tel: 259978, 259958 
Telex: 8895 KALDIA GJ 
BANGLADESH 
The General Electric Co. of 
Bangladesh Ltd. 

Magnet House 72 
Dilkusha Commercial Area 
Motijhall, Dacca 2 
Tel: 252415, 252419 
Telex: 734 

BELGIUM 

Hewlett-Packard Benelux 
S.A./N.V. 

Avenue du Col-Vert, 1, 
(Groenkraaglaan) 

B-1170 Brusaals 
Tel: (02) 660 50 50 
Telex: 23-494 paloben bru 
BRAZIL 

Hewlett-Packard do Brasil 
I.e.C. Ltda. 

Alameda Rio Negro, 750 
Alphaville 

06400 Barueri SP 
Tel: 429-3222 
Hewlett-Packard do Brasil 
I.e.C. Ltda. 

Rua Padre Chagas, 32 
90000-Pdrto Alagre-RS 
Tel: 22-2998, 22-5621 
Hewlett-Packard do Brasil 
I.e.C. Ltda. 

Av. Epitacio Pessoa, 4664 
22471 -Rio de Janeiro-RJ 
Tel: 286-0237 
Telex: 021-21905 HPBR-BR 

CANADA 

ALBERTA 

Hewlett-Packard (Canada) Ltd. 
11620A- 168th Street 
Edmonton T5M 3T9 
Tel: (403) 452-3670 
TWX: 610-831-2431 
Hewlett-Packard (Canada) Ltd. 
210, 7220 Fisher St. S.E. 
Calgary T2H 2H8 
Tel: (403) 253-2713 
TWX: 610-821-6141 

BRITISH COLUMBIA 

Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
Richmond V6X 2W7 
Tel: (604) 270-2277 
TWX: 610-925-5059 

MANITOBA 

Hewlett-Packard (Canada) Ltd. 
380-550 Century St. 

St. James, 

Winnipeg R3H 0Y1 
Tel: (204) 786-6701 
TWX: 610-671-3531 

NOVA SCOTIA 

Hewlett-Packard (Canada) Ltd. 
P.O. Box 931 
800 Windmill Road 
Dartmouth B3B 1L1 
Tel: (902) 469-7820 
TWX: 610-271-4482 


ONTARIO 

Hewlett-Packard (Canada) Ltd. 
1020 Morrison Dr. 

Ottawa K2H 8K7 
Tel: (613) 820-6483 
TWX: 610-563-1636 
Hewlett-Packard (Canada) Ltd. 
6877 Goreway Drive 
Mississauga L4V 1M8 
Tel: (416) 678-9430 
TWX: 610-492-4246 
Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 
London N6E 2S5 
Tel: (519) 686-9181 
TWX: 610-352-1201 

QUEBEC 

Hewlett-Packard (Canada) Ltd. 
275 Hymus Blvd. 

Points Claire H9R 1G7 
Tel: (514) 697-4232 
TWX: 610-422-3022 

FOR CANADIAN 
AREAS NOT 
LISTED: 

Contact Hewlett-Packard (Can¬ 
ada) Ltd. in Mississauga. 

CHILE 

Jorge Calcagni y Cia. Ltda. 
Arturo Burhie 065 
Casilla 16475 
Correo 9, Santiago 
Tel: 220222 
Telex: JCALCAGNI 

COLOMBIA 

Instrumentacidn 
Henrik A. Langebaek & Kier 
S.A. 

Carrera 7 No. 48-75 
Apartado A6reo 6287 
Bogota, 1 D.E. 

Tel: 269-8877 

Telex: 44400 

Instrumentacibn 

H.A. Langebaek & Kier S.A. 

Carrera 63 No. 49-A-31 

Apartado 54098 

Medellin 

Tel: 304475 

COSTA RICA 

Cientifica Costarricense S.A. 
Avenida 2, Calle 5 
San Pedro de Montes de Oca 
Apartado 10159 

San Jose 

Tel: 24-38-20, 24-08-19 
Telex: 2367 GALGUR CR 

CYPRUS 

Kypronics 

19 Gregorios Xenopoulos 
Street 

P.O. Box 1152 
Nicosia 
Tel: 45628/29 
Telex: 3018 

CZECHOSLOVAKIA 

Hewlett-Packard 
Obchodni zastupitelstvi v CSSR 
Pisemny styk 
Post, schranka 27 
CS 118 01 Praha Oil 
CSSR 

Vyvojova a Provozni Zakladna 
Vyzkumnych Ustavu v 
Bechovicich 

CSSR-25097 Bechovice u 
Prahy 

Tel: 89 93 41 
Telex: 12133 


Institute of Medical Bionics 
Vyskumny Ustav Lekarskej 
Bioniky 
Jedlova 6 

CS-88346 Bratislava* 
Kramare 

Tel: 44-551 
Telex: 93229 
DENMARK 
Hewlett-Packard A/S 
Datavej 52 
DK-3460 Birkerod 
Tel: (02) 81 66 40 
Telex: 37409 hpas dk 
Hewlett-Packard A/S 
Navervej 1 

DK-8600 Silkeborg 
Tel: (06) 82 71 66 
Telex: 37409 hpas dk 

ECUADOR 

CYEDE Cia. Ltda. 

P.O. Box 6423 CCI 
Av. Eloy Alfaro 1749 

Quito 

Tel: 450-975, 243-052 
Telex: 2548 CYEDE ED 
Medical Only 
Hospitalar S.A. 

Casilla 3590 
Robles 625 
Quito 
Tel: 545-250 

EGYPT 

I.E.A. 

International Engineering 
Associates 

24 Hussein Hegazi Street 

Kasr-el-Aini 

Cairo 

Tel: 23 829 

Telex: 93830 

SAMITRO 

Sami Amin Trading Office 
18 Abdel Aziz Gawish 

Abdine*Cairo 

Tel: 24932 

EL SALVADOR 

IPESA 

Bulevar de los Heroes 11-48 

Edificio Sarah 1148 

San Salvador 

Tel: 252787 

ETHIOPIA 

Abdella Abdulmalik 

P.O. Box 2635 

Addis Ababa 

Tel: 11 93 40 

FINLAND 

Hewlett-Packard Oy 
Revontulentie, 7 
SF-02100 Espoo 10 
Tel: (90) 455 0211 
Telex: 121563 hewpa sf 
FRANCE 

Hewlett-Packard France 
Zone d’activites de 
Courtaboeuf 
Avenue des Tropiques 
Boite Postale 6 
91401 Orsay-Cbdex 
Tel: (1) 907 78 25 
TWX: 600048F 
Hewlett-Packard France 
Chemin des Mouilles 
B.P. 162 
69130 Ecully 
Tel: (78) 33 81 25 
TWX: 310617F 


Hewlett-Packard France 
20, Chemin de La Cbpidre 
31081 Toulousa 
La Mlrail*Cbdex 
Tel: (61)40 11 12 

Hewlett-Packard France 
Le Ligoures 

Place Rombe de Villeneuve 
13100 Aix-an-Provance 
Tel: (42) 59 41 02 
TWX: 410770F 
Hewlett-Packard France 
2, Allee de la Bourgonette 
35100 Rannas 
Tel: (99) 51 42 44 
TWX: 740912F 
Hewlett-Packard France 
18, rue du Canal de la Marne 
67300 Schlltighaim 
Tel: (88) 83 08 10 
TWX: 890141F 
Hewlett-Packard France 
Immeuble pbricentre 
rue van Gogh 

59650 Villeneuve D'Ascq 
Tel: (20) 91 41 25 
TWX: 160124F 
Hewlett-Packard France 
BItiment Ampbre 
Rue de la Commune de Paris 
B.P. 300 

93153 Le Blanc Mesnil- 
Cbdex 

Tel: (01) 931 88 50 
Telex: 211032F 
Hewlett-Packard France 
Av. du Pdt. Kennedy 
33700 Merignac 
Tel: (56) 97 01 81 
Hewlett-Packard France 
Immeuble Lorraine 
Boulevard de France 
91035 Evry-Cbdex 
Tel: 077 96 60 
Telex: 692315F 
Hewlett-Packard France 
23 Rue Lothaire 
57000 Metz 
Tel: (87) 65 53 50 

GERMAN FEDERAL 
REPUBLIC 

Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 
D-6000 Frankfurt 56 
Tel: (06011)50041 
Telex: 04 13249 hpffm d 
Hewlett-Packard GmbH 
Technisches BUro BOblingen 
Herrenberger Strasse 110 
D-7030 Bbblingen, 
WUrttemberg 
Tel: (07031)667-1 
Telex: 07265739 bbn 
Hewlett-Packard GmbH 
Technisches BUro DUsseldorf 
Emanuel-Leutze-Str. 1 
(Seestern) 

D-4000 DUsseldorf 

Tel: (0211)5971-1 
Telex: 085/86 533 hpdd d 
Hewlett-Packard GmbH 
Technisches BUro Hamburg 
Kapstadtring 5 
D-2000 Hamburg 60 
Tel: (040) 63804-1 
Telex: 21 63 032 hphh d 
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Hewlett-Packard GmbH 
Technisches BUro Hannover 
Am Qrossmarkt 6 
0-3000 Hannover 91 
Tel: (0511)46 60 01 
Telex; 092 3259 
Hewlett-Packard GmbH 
Technisches BUro NUrnberg 
Neumeyerstrasse 90 
D-8500 NUrnberg 
Tel; (0911) 52 20 83 
Telex: 0623 860 

Hewlett-Packard GmbH 
Technisches BUro MUnchen 
Eschenstrasse 5 
D-8021 Taufkirchen 
Tel: (089)6117-1 
Telex; 0524985 
Hewlett-Packard GmbH 
Technisches BUro Berlin 
Kaithstrasse 2-4 
0-1000 Berlin 30 
Tel: (030) 24 90 86 
Telex; 018 3405 hpbln d 

GREECE 

Kostas Karayannis 
8 Omirou Street 

Athena 133 

Tel: 32 30 303/32/37 731 
Telex: 21 59 62 RKAR GR 

GUAM 

Guam Medical Supply, Inc. 
Suite C, Airport Plaza 
P.O. Box 8947 
Tamuning 96911 
Tel: 646-4513 
GUATEMALA 
IPESA 

Avenida Reforma 3-48 
Zona 9 

Guatemala City 

Tel: 316627, 314786, 
66471-5, ext. 9 
Telex: 4192 Teletro Gu 

HONG KONG 

Hewlett-Packard Hong Kong 
Ltd. 

11th Floor, Four Seas Bldg. 
212 Nathan Rd. 

Kowloon 

Tel: 3-697446 (5 lines) 
Telex: 36678 HX 
Medical/Analytical Only 
Schmidt & Co. (Hong Kong) 
Ltd. 

Wing On Centre, 28th Floor 
Connaught Road, C. 

Hong Kong 

Tel: 5-455644 

Telex: 74766 SCHMX HX 

INDIA 

Blue Star Ltd. 

Sahas 

414/2 Vir Savarkar Marg 
Prabhadevi 
Bombay 400 025 
Tel: 45 78 87 
Telex: 011-4093 
Blue Star Ltd. 

Band Box House 
Prabhadevi 
Bombay 400 025 
Tel: 45 73 01 
Telex; 011-3751 
Blue Star Ltd. 

Bhavdeep 
Stadium Road 
Ahmadabad 380 014 
Tel: 43922 
Telex: 012-234 
Blue Star Ltd. 

7 Hare Street 


Calcutta 700 001 

Tel: 23-0131 
Telex: 021-7655 
Blue Star Ltd. 

Bhandari House 
91 Nehru Place 
New Delhi 110 024 
Tel: 682547 
Telex: 031-2463 
Blue Star Ltd. 

T.C, 7/603 ‘Poornima’ 
Maruthankuzhi 
Trivandrum 695 013 
Tel: 65799 
Telex; 0884-259 
Blue Star Ltd. 

11 Magarath Road 
Bangalore 560 025 
Tel: 55668 
Telex: 0845-430 
Blue Star Ltd. 

Meeakshi Mandiram 
XXXXV/1379-2 Mahatma 
Gandhi Rd. 

Cochin 682 016 
Tel; 32069 
Telex: 085-514 
Blue Star Ltd. 

1-1-117/1 Sarojini Devi Road 
Secunderabad 500 033 
Tel: 70126 
Telex: 0155-459 
Blue Star Ltd. 

133 Kodambakkam High Road 
Madras 600 034 
Tel: 82057 
Telex: 041-379 

ICELAND 

Medical Only 

Elding Trading Company Inc. 
Hafnarnvoli - Tryggvagdtu 
P.O. Box 895 
iS'ReykJavik 
Tel; 1 58 20/1 63 03 

INDONESIA 

BERCA Indonesia P.T. 

P.O. Box 496/Jkt. 

Jin. Abdul Muis 62 

Jakarta 

Tel; 349255, 349886 
Telex: 46748 BERSIL lA 

BERCA Indonesia P.T. 

P.O. Box 174/Sby. 

23 Jin. Jimerto 

Surabaya 

Tel: 42027 

IRELAND 

Hewlett-Packard Ltd. 

Kestrel House 
Clanwilliam Place 
Lower Mount Street 
Dublin 2, Eire 
Hewlett-Packard Ltd. 

2C Avongberg Ind. Est. 

Long Mile Road 
Dublin 12 
Tel: 514322/514224 
Telex: 30439 
Medical Only 

Cardiac Services (Ireland) Ltd. 

Kilmore Road 

Artane 

Dublin 5, Eire 
Tel: (01)315820 
Medical Only 
Cardiac Services Co. 

95A Finaghy Rd. South 
Belfast 6T10 0BY 
GB-Northern Ireland 
Tel: (0232) 625566 
Telex: 747626 


ISRAEL 

Electronics Engineering Div. 

of Motorola Israel Ltd. 

16, Kremenetski Street 

P.O. Box 25016 

Tel-Aviv 

Tel: 38973 

Telex: 33569, 34164 

ITALY 

Hewlett-Packard Italiana S.p.A. 
Via G. Di Vittorio, 9 
20063 Cernusco Sul 
Naviglio (Ml) 
tel: (2) 903691 
Telex: 334632 HEWPACKIT 
Hewlett-Packard Italiana S.p.A. 
Via Turazza, 14 
35100 Padova 
Tel: (49) 664888 
Telex: 430315 HEWPACKI 
Hewlett-Packard Italiana S.p.A. 
Via G. Armellini 10 
1-00143 Roma 
Tel: (06) 54 69 61 
Telex: 610514 

Hewlett-Packard Italiana S.p.A. 
Corso Giovanni Lanza 94 
1-10133 Torino 
Tel: (011)659308 
Telex: 221079 

Hewlett-Packard Italiana S.p.A. 
Via Principe Nicola 43 G/C 
1-95126 Catania 
Tel: (095) 37 05 04 
Telex: 970291 

Hewlett-Packard Italiana S.p.A. 
Via Nuova san Rocco A 
Capadimonte, 62A 
80131 Napoli 
Tel: (081) 710698 
Hewlett-Packard Italiana S.p.A. 
Via Martin Luther King, 38/111 

1- 40132 Bologna 
Tel; (051) 402394 
Telex: 511630 

JAPAN 

Yokogawa-Hewlett-Packard 

Ltd. 

29-21, Takaido-Higashi 
3-chome 

Suginami-ku, Tokyo 168 
Tel: 03-331-6111 
Telex: 232-2024 YHP-Tokyo 
Yokogawa-Hewlett-Packard 
Ltd. 

Chuo Bldg., 4th Floor 
4-20, Nishinakajima 5'Chome 
Yodogawa-ku, Osaka-shI 
Osaka, 532 
Tel: 06-304-6021 
Telex: 523-3624 
Yokogawa-Hewlett-Packard 
Ltd. 

Sunitomo Seimei Nagaya Bldg. 
11-2 Shimosasajima-cho, 
Nakamura-ku, Nagoya, 450 
Tel: 052 571-5171 
Yokogawa-Hewlett-Packard 
Ltd. 

Tanigawa Building 

2- 24-1 Tsuruya-cho 
Kanagawa-ku 
Yokohama, 221 
Tel: 045-312-1252 
Telex: 382-3204 YHP YOK 

Yokogawa-Hewlett-Packard 

Ltd. 

Mito Mitsui Building 
105, 1-chome, San-no-maru 
Mito, Ibaragi 310 
Tel: 0292-25-7470 


Yokogawa-Hewlett-Packard 

Ltd. 

Inoue Building 

1348-3, Asahi-cho, 1-chome 
Atsugi, Kanagawa 243 
Tel: 0462-24-0452 
Yokogawa-Hewlett-Packard 
Ltd. 

Kumagaya Asahi 
Hachijuni Building 
4th Floor 

3-4, Tsukuba 

Kumagaya, Saitama 360 
Tel: 0485-24-6563 

JORDAN 

Mouasher Cousins Co. 

P.O. Box 1387 

Amman 

Tel: 24907/39907 
Telex; SABCO JO 1456 
KENYA 
ADCOM Ltd., Inc. 

P.O. Box 30070 
Nairobi 
Tel: 331955 
Telex: 22639 
Medical Only 

International Aeradio (E.A.) Ltd. 

P.O. Box 19012 

Nairobi Airport 

Nairobi 

Tel; 336055/56 

Telex: 22201/22301 

Medical Only 

International Aeradio (E.A.) Ltd. 
P.O. Box 95221 

Mombasa 

KOREA 

Samsung Electronics Co., Ltd. 
4759 Shingil-6-Dong 
Yeong Deung POU 

Seoul 

Tel: 833-4122, 4121 . 

Telex: SAMSAN 27364 

KUWAIT 

Al-Khaldiya Trading & 
Contracting 
P.O. Box 830-Safat 

Kuwait 

Tel: 42 4910/41 1726 
Telex: 2481 Areeg kt 

LUXEMBURG 

Hewlett-Packard Beneluz 
S.A./N.V. 

Avenue du Col-Vert, 1 
(Groenkraaglaan) 

B-1170 Brussels 
Tel; (02) 660 5050 
Telex: 23 494 

MALAYSIA 

Hewlett-Packard Sales 
(Malaysia) Sdn. Bhd. 

Suite 2.21/2.22 
Bangunan Angkasa Raya 
Jalan Ampang 
Kuala Lumpur 
Tel: 483680, 485653 
Protel Engineering 
P.O. Box 1917 
Lot 259, Satok Road 
Kuching, Sarawak 
Tel: 53544 
MEXICO 

Hewlett-Packard Mexicana, 
S.A. de C.V. 

Av. Perif4rlco Sur No. 6501 
Tepepan, Xochlmilco 
Mexico 23, D.F. 

Tel; 905-676-4600 
Telex: 017-74-507 
Hewlett-Packard Mexicana, 
S.A. de C.V. 

Rio Volga #600 
Col. Del Valle 
Monterrey, N.L. 

Tel: 78-32-10 


MOROCCO 

Dolbeau 
81 rue Karatchi 
Casablanca 
Tel: 3041 82 
Telex: 23051/22822 
Gerep 

2, rue d'Agadir 
Boite Postal 156 
Casablanca 
Tel: 272093/5 
Telex: 23 739 

MOZAMBIQUE 

A.N. Goncalves, Ltd. 

162, r Apt. 14 Av. D. Luis 
Caixa Postal 107 

Maputo 

Tel; 27091,27114 
Telex; 6-203 NEGON Mo 
NETHERLANDS 
Hewlett-Packard Benelux N.V. 
Van Heuven Goedhartlaan 121 
P.O. Box 667 
118IKK Amstelveen 
Tel: (20) 47 20 21 
Telex: 13 216 

NEW ZEALAND 

Hewlett-Packard (N.Z.) Ltd. 

4-12 Cruickshank Street 
Kilbirnie, Wellington 3 
P.O. Box 9443 
Courtney Place 
Wellington 
Tel; 877-199 

Hewlett-Packard (N.Z.) Ltd. 

P.O. Box 26-189 
169 Manukau Road 
Epsom, Auckland 
Tel: 687-159 
Analytical/Medical Only 
Northrop Instruments & 
Systems Ltd., 

Sturdee House 
85-87 Ghuznee Street 
P.O. Box 2406 
Wellington 
Tel: 850-091 
Telex: NZ 31291 
Northrop Instruments & 
Systems Ltd. 

Eden House, 44 Khyber Pass 
Rd. 

P.O. Box 9682, Newmarket 
Auckland 1 
Tel: 794-091 
Northrop Instruments & 
Systems Ltd. 

Terrace House, 4 Oxford 
Terrace 
P.O. Box 8388 
Christchurch 
Tel: 64-165 

NIGERIA 

The Electronics 
Instrumentations Ltd. 
N6B/770 Oyo Road 
Oluseun House 
P.M.B. 5402 
Ibadan 
Tel: 461577 
Telex: 31231 TEIL NG 
The Electronics 
Instrumentations Ltd. 

144 Agege Motor Road, Mushin 
P.O. Box 481 
Mushin, Lagos 
NORWAY 

Hewlett-Packard Norge A/S 
Ostendalen 18 
P.O. Box 34 
1345 Osteraas 
Tel: (02) 1711 80 
Telex; 16621 hpnas n 
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Hewlett-Packard Norge A/S 
Nygaardsgaten 114 
P.O. Box 4210 
5013 Nygaardsgaten, 

Bergen 

Tel: (05) 21 97 33 

PANAMA 

Eleclr6nico Balboa, S.A. 
Aparatado 4929 
Panama 5 
Calle Samuel Lewis 
Edificio “Alfa," No. 2 
Ciudad de Panama 
Tel: 64-2700 
Telex: 3483103 Curundu, 
Canal Zone 

PERU 

Companta Electro M6dica S.A. 
Los Flamencos 145 
San Isidro Casilla 1030 
Lima 1 
Tel: 41-4325 
Telex: Pub. Booth 25424 
SISIDRO 

PAKISTAN 

Mushko & Company Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
Karachi-3 
Tel: 511027, 512927 
Telex: 2894 

Mushko & Company, Ltd. 

10, Bazar Rd. 

Sector G-6/4 

Islamabad 

Tel: 28264 

PHILIPPINES 

The Online Advanced Systems 

Corporation 

Rico House 

Amorsolo cor. Herrera Str. 
Legaspi Viliage, Makati 
P.O. Box 1510 
Metro Manila 
Tel: 85-35-81, 85-34-91, 
85-32-21 

Telex: 3274 ONLINE 

RHODESIA 

Field Technical Sales 
45 Kelvin Road North 
P.O. Box 3458 
Salisbury 
Tei: 705231 (5 lines) 

Teiex; RH 4122 

POLAND 

Biuro informaeji Technieznej 
Hewlett-Packard 
Ul Stawki 2, 6P 
PLOO-950 Warszawa 
Tel: 39 59 62, 39 51 87 
Telex: 81 24 53 

PORTUGAL 

Telectra-Empresa T6cnica de 
Equipamentos El6ctricos 
S.a.r.l. 

Rua Rodrigo da Fonseca 103 

P.O. Box 2531 

P Lisbon 1 

Tel: (19) 68 60 72 

Telex: 12598 

Medical Only 

Mundinter 

Intercambio Mondial de 
Com6rcio S.a.r.l. 

P.O. Box 2761 
Avenida Antonio Augusto 
de Aguiar 138 
P Lisbon 

Tel: (19) 53 21 31/7 
Telex: 16691 munter p 

PUERTO RICO 

Hewlett-Packard Inter- 
Americas 

Puerto Rico Branch Office 
Calle 272, 

#203 Urb. Country Club 
Carolina 00630 
Tel: (809) 762-7255 
Telex: 345 0514 


QATAR 

Nasser Trading & Contracting 

P.O. Box 1563 

Doha 

Tel: 22170 

Telex: 4439 NASSER 

ROMANIA 

Hewlett-Packard 
Reprezentanta 
Bd.n. Balcescu 16 

BucurestI 

Tel: 15 80 23/13 88 85 
Telex: 10440 

SAUDI ARABIA 

Modern Electronic 
Establishment (Head Office) 
P.O. Box 1228, Baghdadiah 
Street 
Jeddah 
Tel: 27 798 
Telex: 40035 
Cable: ELECTA JEDDAH 
Modern Electronic 
Establishment (Branch) 

P.O. Box 2728 
Riyadh 

Tel: 62596/66232 
Telex: 202049 
Modern Electronic 
Establishment (Branch) 

P.O. Box 193 

Al-Khobar 

Tel: 44678-44813 

Telex: 670136 

Cable: ELECTA AL-KHOBAR 

SINGAPORE 

Hewlett-Packard Singapore 
(Pte.) Ltd. 

6th Floor, Inchcape House 
450-452 Alexandra Road 
P.O. Box 58 
Alexandra Post Office 
Singapore 9115 
Tel: 631788 
Telex: HPSG RS 21486 

SOUTH AFRICA 

Hewlett-Packard South Africa 
(Ply.), Ltd. 

Private Bag Wendywood, 
Sandton, Transvaal, 2144 
Hewlett-Packard Centre 
Daphne Street, Wendywood, 
Sandton, 2144 
Tel: 802-5111/25 
Telex: 8-4782 

Hewlett-Packard South Africa 
(Pty.). Ltd. 

P.O. Box 120 
Howard Place, 

Cape Province, 7450 

Pine Park Centre, Forest Drive, 

Pinelands, 

Cape Province, 7405 
Tel: 53-7955 thru 9 
Telex: 57-0006 
SPAIN 

Hewlett-Packard Espaflola, 

S.A. 

Calle Jerez 3 

E-Madrid 16 

Tel: (1)458 26 00 (10 lines) 
Telex: 23515 hpe 
Hewlett-Packard Espaflola S.A. 
Colonia Mirasierra 
Edificio Juban 
c/o Costa Brava, 13 
Madrid 34 

Hewlett-Packard Espaflola, 

S.A. 

Milanesado 21-23 
E-Barcelona 17 

Tel: (3) 203 6200 (5 lines) 
Telex: 52603 hpbe e 
Hewlett-Packard Espaflola, 

S.A. 

Av Ram6n y Cajal, 1 
Edificio Sevilla, planta 9° 

E-Sevilla 5 

Tel: 64 44 54/58 


Hewlett Packard Espaflola S.A. 
Edificio Albia II 7** B 

E Bilbao 1 

Tel: 23 83 06/23 82 06 
Hewlett-Packard Espaflola S.A. 
C/Ramon Gordillo 1 
(Entlo.) 

E-Valencia 10 

Tel: 96-361.13.54/361.13.58 

SRI LANKA 

Metropolitan Agencies Ltd. 
209/9 Union Place 

Colombo 2 

Tel: 35947 

Telex: 1377METR0LTD CE 

SUDAN 

Radison Trade 
P.O. Box 921 
Khartoum 
Tel: 44048 
Telex: 375 

SURINAM 

Surtel Radio Holland N.V. 

Grote Hofstr. 3-5 
P.O. Box 155 

Paramaribo 

Tel: 72118, 77880 

SWEDEN 

Hewlett-Packard Sverige AB 
Enighetsvagen 3, Fack 
S-161 Bromma 20 
Tel: (08) 730 05 50 
Telex: 10721 
Cable: MEASUREMENTS 
Stockholm 

Hewlett-Packard Sverige AB 
Frdtallsgatan 30 
S-421 32 vaetra 
Frblunda 
Tel: (031) 49 09 50 
Telex: 10721 via Bromma 
office 

SWITZERLAND 

Hewlett-Packard (Schweiz) AG 
ZUrcherstrasse 20 
P.O. Box 307 
CH-8952 Schlieren- 
ZUrich 

Tel: (01) 7305240 
Telex: 53933 hpag ch 
Cable: HPAG CH 
Hewlett-Packard (Schweiz) AG 
Chateau Bloc 19 
CH-1219 Le Lignon- 
Geneva 

Tel: (022) 96 03 22 
Telex: 27333 hpag ch 
Cable: HEWPACKAG Geneva 

SYRIA 

General Electronic Inc. 

Nuri Basha-Ahnaf Ebn Kays 
Street 

P.O. Box 5781 
Damascus 
m. 33 24 87 
Telex: 11215 ITIKAL 
Cable: ELECTROBOR 
DAMASCUS 
Medical only 
Sawah & Co. 

Place Azm6 
B.P. 2308 
Damascus 

Tel: 16 367-19 697-14 268 

Telex: 11304 SATACO SY 

Cable: SAWAH. DAMASCUS 

Suleiman Hilal El Mlawi 

P.O. Box 2528 

Mamoun Bitar Street. 56-58 

Damascus 

Tel: 11 46 63 

Telex: 11270 

Cable: HILAL DAMASCUS 

TAIWAN 

Hewlett-Packard Far East Ltd. 
Taiwan Branch 
Bank Tower. 5th Floor 
205 Tun Hau North Road 


Taipei 

Tel: (02) 751-0404 (15 lines) 
Hewlett-Packard Far East Ltd. 
Taiwan Branch 

68-2, Chung Cheng 3rd. Road 

Kaohsiung 

Tel: (07) 242318-Kaohsiung 
Analytical Only 
San Kwang Instruments Co., 
Ltd. 

20 Yung Sui Road 

Taipei 

Tel: 3615446-9 (4 lines) 

Telex: 22894 SANKWANG 

TANZANIA 

Medical Only 

International Aeradio (E.A.), Ltd. 

P.O. Box 861 

Dar es Salaam 

Tel: 21251 Ext. 265 

Telex: 41030 

THAILAND 

UNIMESA Co. Ltd. 

Elcom Research Building 
2538 Sukumvit Ave. 
Bangchak, Bangkok 
Tel: 39-32-387, 39-30-338 
TRINIDAD & 

TOBAGO 

CARTEL 

Caribbean Telecoms Ltd. 

P.O. Box 732 
69 Frederick Street 

Port-of-Spain 

Tel: 62-53068 

TUNISIA 

Tunisie Electronique 

31 Avenue de la Liberte 

Tunis 

Tel: 280 144 

Corema 

1 ter. Av. de Carthage 

Tunis 

Tel: 253 821 

Telex: 12319 CABAM TN 

TURKEY 

TEKNIM Company Ltd. 

Riza Sah Pehlevi 
Caddesi No. 7 
Kavaklidere, Ankara 
Tel: 275800 
Telex: 42155 
Teknim Com., Ltd. 

Barbaros Bulvari 55/12 
Besikyas, Istanbul 
Tel: 613 546 
Telex: 23540 
E.M.A. 

Muhendislik Kollektif Sirketi 

Mediha Eldem Sokak 41/6 

YUksel Caddesi 

Ankara 

Tel: 17 56 22 

Yilmaz Ozyurek 

Mill! Mudafaa Cad 16/6 

Kizilay 

Ankara 

Tel: 25 03 09 - 17 80 26 
Telex: 42576 OZEK TR 

UNITED ARAB 
EMIRATES 

Emitac Ltd. (Head Office) 

P.O. Box 1641 
Sharjah 
Tel: 354121/3 
Telex: 8136 

Emitac Ltd. (Branch Office) 
P.O. Box 2711 

Abu Dhabi 

Tel: 331370/1 

UNITED KINGDOM 

Hewlett-Packard Ltd. 

King Street Lane 
Winnersh, Wokingham 
Berkshire RG11 5AR 
GB-England 
Tel: (0734) 784774 
Telex: 84 71 78/9 


Hewlett-Packard Ltd. 

Fourier House, 

257-263 High Street 
London Colney 
St. Albans, Herts 
GB-England 
Tel: (0727) 24400 
Telex: 1-8952716 
Hewlett-Packard Ltd. 

Trafalgar House 
Navigation Road 
Altrincham 
Cheshire WA14 1NU 
GB-England 
Tel: (061)928 6422 
Telex: 668068 
Hewlett-Packard Ltd. 

Lygon Court 
Hereward Rise 
Dudley Road 
Halesowen, 

West Midlands, B62 8SD 
GB-England 
Tel: (021)501 1221 
Telex: 339105 
Hewlett-Packard Ltd. 

Wedge House 
799, London Road 
Thornton Heath 
Surrey, CR4 6XL 
GB-England 
Tel: (01)684-0103/8 
Telex: 946825 
Hewlett-Packard Ltd. 

14 Wesley St 
Castleford 
Yorks WF10 1AE 
Tel: (0977) 550016 
TWX: 5557335 
Hewlett-Packard Ltd. 

Tradax House 
St. Mary’s Walk 
Maidenhead 
Berkshire, SL6 1ST 
GB-England 
Hewlett-Packard Ltd. 

Morley Road 
Staplehill 
Bristol, BS16 40T 
GB-England 
Hewlett-Packard Ltd. 

South Queensferry 

West Lothian, EH30 9TG 

GB-Scotland 

Tei: (031) 331 1188 

Telex: 72682 

UNITED STATES 

ALABAMA 

700 Century Park South, 
Suite 128 

Birmingham 35226 
Tel: (205) 822-6802 

P.O. Box 4207 
8290 Whitesburg Dr. 
Huntsville 35802 
Tel: (205) 881-4591 
ARIZONA 
2336 E. Magnolia St. 
Phoenix 85034 
Tel: (602) 273-8000 
2424 East Aragon Rd. 
Tucson 85706 
Tel: (602) 273-8000 

'ARKANSAS 

Medical Service Only 
P.O. Box 5646 
Brady Station 
Little Rock 72215 
Tei: (501) 376-1844 
CALIFORNIA 
1579 W. Shaw Ave. 

Fresno 93771 
Tei: (209) 224-0582 
1430 East Orangethorpe Ave. 
Fullerton 92631 
Tei: (714) 870-1000 
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5400 West Rosecrans Blvd. 
P.O. Box 92105 
World Way Postal Center 
Los Angeles 90009 
Tel: (213) 970-7500 
TWX: 910-325-6608 
3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 
TWX: 910-499-2671 
3200 Hillview Av 
Palo Alto, CA 94304 
Tel: (408) 988-7000 
646 W. North Market Blvd. 
Sacramento 95834 
Tel: (916) 929-7222 
9606 Aero Drive 
P.O. Box 23333 
San Diego 92123 
Tel: (714) 279-3200 
363 Brookhollovir Dr. 

Santa Ana, CA 92705 

Tel: (714) 641-0977 

3003 Scott Boulevard 

Santa Clara 95050 

Tel: (408) 988-7000 

TWX: 910-338-0518 

454 Carlton Court 

So. San Francisco 94080 

Tel: (415) 877-0772 

’Tarzana 

Tel: (213) 705-3344 

COLORADO 

5600 DTC Parkway 
Englewood 80110 
Tel: (303) 771-3455 

CONNECTICUT 

47 Barnes Industrial Road 
Barnes Park South 
Wallingford 06492 
Tel: (203) 265-7801 
FLORIDA 
P.O. Box 24210 
2727 N.W. 62nd Street 
Ft. Lauderdale 33309 
Tel: (305) 973-2600 
4080 Woodcock Drive #132 
Brownett Building 
Jacksonville 32207 
Tel: (904) 398-0663 
P.O. Box 13910 
6177 Lake Ellenor Dr. 
Orlando 32809 
Tel; (305) 859-2900 
P.O. Box 12826 
Suite 5, Bldg. 1 
Office Park North 
Pensacola 32575 
Tel: (904) 476-8422 
110 South Hoover Blvd. 

Suite 120 

Tampa 33609 

Tel: (813) 872-0900 

GEORGIA 

P.O. Box 105QQ5 

450 Interstate North Parkway 

Atlanta 30348 

Tel: (404) 955-1500 

TWX: 810-766-4890 

Medical Service Only 

'Augusta 30903 

Tel: (404) 736-0592 

P.O. Box 2103 

1172 N. Davis Drive 

Warner Robins 31098 

Tel: (912) 922-0449 

HAWAII 

2875 So. King Street 
Honolulu 96826 
Tel: (808) 955-4455 


ILLINOIS 

211 Prospect Rd. 
Bloomington 61701 
Tel: (309) 663-0383 
5201 Tollview Dr. 

Rolling Meadows 

60008 

Tel: (312) 255-9800 
TWX; 910-687-2260 

INDIANA 

7301 North Shadeland Ave. 
Indianapolis 46250 
Tel: (317) 842-1000 
TWX: 810-260-1797 

IOWA 

2415 Heinz Road 
Iowa City 52240 
Tel: (319) 351-1020 

KENTUCKY 

10170 Linn Station Road 
Suite 525 
Louisville 40223 
Tel: (502) 426-0100 
LOUISIANA 
P.O. Box 1449 
3229-39 Williams Boulevard 
Kenner 70062 
Tel: (504) 443-6201 
MARYLAND 
7121 Standard Drive 
Parkway Industrial Center 
Hanover 21076 
Tel: (301) 796-7700 
TWX: 710-862-1943 
2 Choke Cherry Road 
Rockville 20850 
Tel: (301)948-6370 
TWX: 710-828-9684 
MASSACHUSETTS 
32 Hartwell Ave. 

Lexington 02173 
Tel: (617) 861-8960 
TWX; 710-326-6904 

MICHIGAN 

23855 Research Drive 
Farmington Hills 48024 
Tel; (313) 476-6400 
724 West Centre Ave. 
Kalamazoo 49002 
Tel: (616) 323-8362 
MINNESOTA 
2400 N. Prior Ave. 

St. Paul 55113 
Tel: (612) 636-0700 

MISSISSIPPI 

322 N. Mart Plaza 
Jackson 39206 
Tel; (601) 982-9363 
MISSOURI 
11131 Colorado Ave. 
Kansas City 64137 
Tel; (816) 763-8000 
TWX; 910-771-2087 
1024 Executive Parkway 
St. Louis 63141 
Tel: (314) 878-0200 
NEBRASKA 
Medical Only 
7101 Mercy Road 
Suite T01 
Omaha 68106 
Tel; (402) 392-0948 

NEVADA 
'Las Vegas 

Tel: (702) 736-6610 
NEW JERSEY 
Crystal Brook Professional 
Building 
Route 35 

Eatontown 07724 
Tel; (201) 542-1384 
W. 120 Century Rd. 
Paramus 07652 
Tel: (201) 265-5000 
TWX; 710-990-4951 


NEW MEXICO 

P.O. Box 11634 
Station E 

11300 Lomas Blvd., N.E. 
Albuquerque 87123 
Tel; (505) 292-1330 
TWX: 910-989-1185 
156 Wyatt Drive 
Las Cruces 88001 
Tel: (505) 526-2484 
TWX: 910-9983-0550 
NEW YORK 
6 Automation Lane 
Computer Park 
Albany 12205 
Tel: (518) 458-1550 
TWX; 710-444-4961 
650 Perinton Hill Office Park 
Fairport 14450 
Tel: (716) 223-9950 
TWX; 510-253-0092 
No. 1 Pennsylvania Plaza 
55th Floor 

34lh Street & 8th Avenue 
New York 10001 
Tel: (212) 971-0800 
5858 East Molloy Road 
Syracuse 13211 
Tel: (315) 455-2486 
1 Crossways Park West 
Woodbury 11797 
Tel: (516) 921-0300 
TWX: 510-221-2183 
Tel: (513) 671-7400 
NORTH CAROLINA 
5605 Roanne Way 
Greensboro 27409 
Tel: (919) 852-1800 
OHIO 

Medical/Computer Only 
9920 Carver Road 
Cincinnati 45242 
Tel: (513) 891-9870 
16500 Sprague Road 
Cleveland 44130 
Tel: (216) 243-7300 
TWX: 810-423-9430 

962 Crupper Ave. 
Columbus 43229 
Tel: (614) 436-1041 

330 Progress Rd. 

Dayton 45449 
Tel: (513) 859-8202 
OKLAHOMA 
P.O. Box 32008 
6301 N. Meridan Avenue 
Oklahoma City 73112 
Tel: (405) 721-0200 
9920 E. 42nd Street 
Suite 121 
Tulsa 74145 
Tel: (918) 665-3300 
OREGON 

17890 S.W. Lower Boones 
Ferry Road 
Tualatin 97062 
Tel: (503) 620-3350 
PENNSYLVANIA 
1021 8lh Avenue 
King of Prussia Industrial Park 
King of Prussia 19406 
Tel: (215) 265-7000 
TWX: 510-660-2670 

111 Zeta Drive 
Pittsburgh 15238 
Tel: (412) 782-0400 
SOUTH CAROLINA 
P.O. Box 6442 
6941-0 N. Trenholm Road 
Columbia 29206 
Tel: (803) 782-6493 


TENNESSEE 

8906 Kingston Pike 
Knoxville 37919 
Tel: (615) 691-2371 
3070 Directors Row 
Directors Square 
Memphis 38131 
Tel: (901) 346-8370 
'Nashville 
Medical Service Only 
Tel: (615) 244-5448 

TEXAS 

4171 North Mesa 
Suite Cl 10 
El Paso 79902 
Tel: (915) 533-3555 
P.O. Box 42816 
10535 Harwin St, 

Houston 77036 
Tel: (713) 776-6400 
'Lubbock 
Medical Service Only 
Tel: (806) 799-4472 
P.O. Box 1270 
201 E. Arapaho Rd. 
Richardson 75081 
Tel: (214) 231-6101 
205 Billy Mitchell Road 
San Antonio 78226 
Tel: (512) 434-8241 

UTAH 

2160 South 3270 West Street 

Salt Lake City 84119 
Tel: (801)972-4711 

VIRGINIA 

P.O. Box 9669 
2914 Hungary Spring Road 
Richmond 23228 
Tel: (804) 285-3431 
Computer Systems/Medical 
Only 

Airport Executive Center 
Suite 302 

5700 Thurston Avenue 
Virginia Beach 23455 
Tel: (804) 460-2471 

WASHINGTON 

Bellefield Office Pk. 

1203 - 114th Ave. S.E. 
Bellevue 98004 
Tel: (206) 454-3971 
TWX: 910-443-2446 
P.O. Box 4010 
Spokane 99202 
Tel: (509) 535-0864 
'WEST VIRGINIA 
Medical/Analytical Only 
4604 Mac Corkle Ave., S.E. 
Charleston 25304 
Tel: (304) 925-0492 

WISCONSIN 

150 South Sunny Slope Road 
Brookfield 53005 
Tel: (414) 784-8800 


FOR U.S. AREAS 
NOT LISTED: 

Contact the regional office 
nearest you: 

Atlanta, Georgia... North 
Holly-wood, California... 
Rockville, Maryland... 
Rolling Meadows, Illinois. 
Their complete addresses 
are listed above. 

USSR 

Hewlett-Packard 
Representative Office 
USSR 

Pokrovsky Boulevard 
4/17-kw 12 
Moscow 101000 
Tel: 294.20..24 
Telex: 7825 hewpak su 


YUGOSLAVIA 

Iskra Commerce, n.sol.o. 
Zastopstvo Hewlett-Packard 
Obilicev Venae 26 
YU 11000 Beograd 
Tel: 636-955 
Telex: 11530 
Iskra Commerce, n.sol.o. 
Zastopstvo Hewlett-Packard" - 
Miklosiceva 38/VII 
YU-61000 Ljubljana 
Tel: 321-674,315-879 
Telex: 31583 

URUGUAY 

Pablo Ferrando S.A.C.el. 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 
Tel: 40-3102 
Telex: 702 Public Booth 
Para Pablo Ferrando 

VENEZUELA 

Hewlett-Packard de Venezuela 
C.A. 

P.O. Box 50933 
Caracas 105 
Los Ruices Norte 
3a Transversal 
Edificio Segre 
Caracas 107 
Tel: 239-4133 (20 lines) 

Telex: 25146 HEWPACK 
ZAMBIA 

R.J. Tilbury (Zambia) Ltd. 

P.O. Box 2792 

Lusaka 

Tel: 73793 

MEDITERRANEAN AND 
MIDDLE EAST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 

Hewlett-Packard S.A. 
Mediterranean and Middle East 
Operations 

35, Kolokotroni Street 
Platia Kefallariou 
GR-Kifissia-Athens, Greece 
Tel: 8080359/429 
Telex: 21-6588 
Cable: HEWPACKSA Athens 
SOCIALIST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 

Hewlett-Packard Ges.m.b.H 
Handelskai 52 
P.O. Box 7 

A-1205 Vienna, Austria 
Tel: (0222) 35 16 21 to 27 
Cable; HEWPAK Vienna 
Telex: 75923 hewpak a 

OTHER AREAS NOT 
LISTED, CONTACT: 

Hewlett-Packard 
Intercontinental 
3495 Deer Creek Road 
Palo Alto, California 94304 
Tel: (415) 856-1501 
TWX: 910-373-1267 
Cable: HEWPACK Palo Alto 
Telex: 034-8300, 034-8493 
Hewlett-Packard S.A. 

7, rue du Bois-du-Lan 
P.O. Box 

CH-1217Meyrin 2 -Geneva 
Switzerland 
Tel: (022) 82 70 00 
Cable: HEWPACKSA Geneva 
Telex: 2 24 86 


'Service Only 

2-15-80 
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HEWLETT 

PACKARD 


For more Information call your local HP Sales Office or East (301 ) 948- 
6370, Midwest (312) 255-9800, South (404) 955-1500, West (213) 970- 
7500. Or write: Hewlett-Packard Components. 640 Page Mill Road, 
Palo Alto, California 94304. In Europe, Hewlett-Packard GmbH, P.O. 
Box 250, Herrenberger Str. 110, D-7030 Boeblingen, West Germany. 
In Japan, YHP, 3-29-21, Takaido-HigashI, Suginami-Ku, Tokyo 168. 

Printed in U.S.A. 


Revised from 5953-0400 
Data Subject to Change 
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